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ABSTRACT
Estimating Effective Discharge at Lehman Creek, 
Great Basin National Park, Nevada
by
Lisa A. Glonek
Dr. Richard L. Omdorff, Examination Committee Chair 
Professor o f Geology 
University o f Nevada. Las Vegas
Effective discharge is defined as the streamflow that transports the most sediment over 
time and is therefore the flow that controls channel shape. Effective discharge was 
estimated for two sites along Lehman Creek, an alpine fluvial system. Site one (WL-1, 
2951 m elevation) has an effective discharge of 0.083 mVs and site two (WL-2. 2019 m 
elevation) has an efiective discharge o f0.400 mVs. Calculated bankfuU discharges are 
2.52 mVs for WL-1 and 1.48 mVs for WL-2. Bankfull/effective discharge ratios (b/e 
ratio) are 30.49 for WL-1 and 3.71 for WL-2. The b/e ratio difference may be due to the 
steeper gradient (WL-1: 0.14, W L-2:0.062) at WL-1. which may indicate active 
downcutting as a  response to tectonic uplift in the Basin and Range province. WL-1 also 
sits on resistant glacial debris (quartzite), which may cause Lehman Creek difficulty in 
shaping and maintaining its stream channel.
Ill
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CHAPTER 1 
INTRODUCTION
Effective Discharge
Definition
Effective discharge is defined as the stream flow that transports the most sediment 
throughout a long duration of time (Wolman and Miller, 1960). Large floods transport 
enormous amounts o f sediment, but they occur so infrequently that over time these 
extreme flows are not responsible for moving large amounts o f sediment. Low stream 
flows occur frequently but transport only small quantities o f sediment. Therefore, some 
intermediate flow must exist that transports the most sediment over the long term. This 
intermediate flow is termed the effective discharge. Since the effective discharge 
transports the largest amount of sediment throughout time, it is also the flow that is 
responsible for controlling the shape o f the stream channel.
Significance
Since effective discharge is the flow regime that most controls channel shape it is also 
the most important flow in maintaining riparian habitat. Changes in flow or sediment 
supply, possibly due to water diversion or logging for example, often alter channel shape, 
and changing the channel can reshape the surrounding lowlands, thus impacting
1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2
important habitats. Changes in the equilibrium state o f the riparian system can have 
detrimental effects on animals and vegetation that inhabit the area; hence an 
understanding of effective discharge is an important precursor to anthropogenic change.
Lehman Creek
Location, Geographical and Geological Background 
Lehman Creek is an alpine stream that lies within Great Basin National Park (GBNP), 
which sits in the southern Snake Range of east-central Nevada (Figure 1.1a, 1.1b, 1.1c). 
The Snake Range is part o f the Basin and Range Province that covers much o f the 
western United States (Figure 1.1a). The Basin and Range physiographic province is 
tectonically controlled and consists o f north-south trending mountain ranges separated by 
sediment-filled valleys (Figure 1.2). Extension within the crust is the result o f the 
asthenosphere swelling up beneath the lithosphere forcing it to extend and pull apart 
(Omdorff et al, 2(X)1). As tension increases within the lithosphere, blocks o f the crust 
fracture and fall downwards creating valleys and leaving high standing mountain blocks 
such as the Snake Range. Valleys that bound the Snake Range are the Snake Valley to 
the east and the Spring Valley to the west.
Great Basin National Park also sits in the Great Basin hydrological province (Figure 
1.1b). All rivers and streams within the Great Basin drain internally and do not flow to 
an ocean. All o f Nevada is encompassed in the Great Basin hydrological province except 
for extreme southern Nevada (Las Vegas area) and a  tiny portion o f north central Nevada. 
Other states in the Great Basin include western Utah, southeast Idaho, southeast Oregon 
and extreme eastern California (Jacobs and Flora, 1994).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Geology o f  the Lehman Creek drainage basin consists o f three Cambrian rock units 
(from oldest to youngest): (I) Prospect Mountain ()uartzite, (2) Pioche Shale, and (3)
Pole Canyon Limestone (Whitebread, 1969). Bedload within Lehman Creek consists o f 
sediment o f all three rock types but is dominated by clasts of the Prospect Mountain 
Quartzite that line the stream channel. Much o f the shale and limestone units have 
eroded, forming steep slopes and valleys. The resistant quartzite makes up Wheeler Peak 
and many o f the surrounding peaks in Great Basin National Park (Figure 1.3). Wheeler 
Peak rises to 3982 meters above sea level (Whitebread, 1969) and is the second highest 
mountain in Nevada. Great Basin National Park was cut by glaciers during the 
Quaternary and contains Nevada's only modem glacier, which lies in a narrow north- 
facing cirque beneath Wheeler and Jeff Davis Peaks (Figure 1.3).
Marine sediments were deposited on a continental shelf in the Early Cambrian when 
westem North America was a passive margin (Hero, 1986). The area was generally 
tectonically inactive during the Paleozoic and Early Mesozoic with transgressions and 
regressions o f paleoseas. Sediment was buried, lithified, and slightly metamorphosed 
possibly due to intrusion o f Jurassic plutons and/or contractional tectonics during the Mid 
Mesozoic through Early Tertiary (Fiero, 1986). Sedimentary stractures, such as cross 
bedding and layering, are preserved in the Prospect Mountain Quartzite because o f the 
low degree o f metamorphism (McGrew, 1993). A large detachment fault extends 
through the Snake Range and dips 10*’-15° to the east under the southem Snake Valley 
which lies directly east o f  the Snake Range (McGrew, 1993). Early Cambrian rocks of 
the Lehman Creek drainage basin and underlying Late Proterozoic rocks comprise the 
lower plate o f the Southem Snake Range DecoUement (SSRD), which was active during
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Cenozoic extension (McGrew, 1993). Cenozoic extension formed the Basin and Range 
Province that uplifted the southem Snake Range and tilted the rock units to the east.
Lehman Creek receives water firom rainfall, snowmelt, and icemelt. Headwaters lie at 
an elevation o f 3982 meters above sea level, the top o f W heeler Peak. Any water that 
falls east and north o f Wheeler Peak, north o f Jeff Davis Peak, and south and east o f Bald 
Mountain becomes incorporated within the Lehman Creek drainage basin (Figure 1.3). 
The stream flows to the east in a glacially carved U-shaped valley then across a narrow 
alluvial flat near the park’s visitor’s center at 2000 meters above sea level. The creek 
eventually flows down and across an alluvial fan into Snake Valley past the town o f 
Baker, Nevada. Lehman Creek does not drain to a major river system or eventually out 
to an ocean because o f its location in the Great Basin. Lehman Creek becomes an 
ephemeral stream beyond the town of Baker, Nevada.
Weather and Climate
Table 1.1 and Figure 1.4 show average maximum and minimum monthly temperatures 
(from July 1, 1948 to July 31,2000) for Great Basin National Park; information was 
obtained from the W estem Regional Climate Center (2001) website. The data were 
recorded at weather station #264514 from July 1, 1948 to April 1,1987 and station 
#263340 fix>m April 1, 1987 to July 31,2000. The stations were located at 39® OO’N 
latitude and 114® 13’W  longitude and at 2080.6 and 2083.0 meters above sea level. 
Coldest maximum annual temperatures were in the months o f  December (5.3® C) through 
February (6.4® Q  and the warmest months were July (29.7® C) and August (28.4® C). 
Table 1.1 and Rgure 1 3  show average precipitation, snowfall, and snow depth values. 
The wettest months are March (3.71 cm) and May (3.40 cm) with an annual average o f
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33.30 cm. Driest months o f the year are in January (2.49 cm) and December (2.24 cm); 
precipitation falls primarily as snow from November through March, with an annual 
average o f 178.56 cm.
Study Goals
Streamflow and sediment transport data were measured at two locations along 
Lehman Creek in Great Basin National Park, Nevada, to estimate effective discharge and 
to determine whether effective discharge changes as a  function o f downstream location. 
Determining effective discharge for Lehman Creek will aid in water use for other alpine 
watersheds in Nevada due to fundamental similarities in mountain ranges within the 
Basin and Range Province. The flow models created from studying Lehman Creek will 
aid in water diversion and responsible water use for towns that rely on the other alpine 
watersheds throughout Nevada. Lehman Creek is an ideal study site because it lies 
within a  national park and is therefore largely protected from human disturbance. Data 
collected reflects the stream’s natural state. The flow models created by the data 
collected at Lehman Creek will explain how stream flow shapes the channel and the 
riparian system.
(Questions that are addressed in this smdy are; (1) What is the effective discharge at 
two sites along Lehman Creek? (2) Does effective discharge change as a  function o f 
downstream location along Lehman Creek? (3) If  effective discharge does change as a 
function o f  downstream location, what controls this change? and (4) Are effective and 
bankfull discharges equivalent for Lehman Creek? In order to answer these questions, 
the following tasks were undertaken:
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
♦ Establish two field sites along Lehman Creek
♦ Define initial stream morphology
♦ Measure stream flow and sediment transport under a variety o f flow conditions
♦ Develop stage-discharge relationships
♦ Determine effective discharge using historic flow data
♦ Estimate bankfull discharge from channel geometry
♦ Compare effective and bankfull discharge
♦ Compare downstream controls on effective discharge between field sites
♦ Compare effective and bankfull estimates with published studies
A careful survey o f previous work indicates little or no study on downstream changes 
in effective discharge. Two sites were set up along Lehman Creek in order to investigate 
any changes in effective discharge as result o f a larger contributing watershed. Over the 
course o f the study (two years) flow and sediment transport measurements were 
periodically collected at the two sites in Lehman creek along with data downloaded firom 
pressure transducers, which recorded water depth measurements at each site. Field data 
were analyzed within S-Plus (computer-based statistical modeling software) to construct 
sediment transport curves and apply those curves to 13 years o f historical discharge data 
obtained firom the United States Geological Survey. The S-plus computer program 
calculated effective discharge and determined recurrence intervals o f effective flows for 
both sites along Lehman Creek based on historic flow data and sediment transport 
measurements. A Geographic Information System (GIS) database was constructed for 
the Lehman Creek drainage basin to delineate watersheds for the two sites along T^ hm an
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Creek and explore downstream controls (such as drainage area, slope aspect, and relief) 
on effective discharge.
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CHAPTER 2
PREVIOUS WORK ON EFFECTIVE DISCHARGE
Previous Work
Wolman and M iller (1960) introduced the idea o f effective discharge in their seminal 
work on the magnitude and frequency o f geomorphic processes in fluvial and eolian 
systems. They studied the geomorphic effectiveness of normal processes (i.e. regular 
discharges and wind velocities) versus extreme processes, such as catastrophic floods, 
and explained that landscapes are dominated over time by normal events rather than less 
firequent extreme episodes. The majority o f sediment transported over time for a fluvial 
system occurs on the average one to two times a  year, according to Wolman and Miller 
(1960), which is also the flow that shapes a chaimel. Discharges o f moderate magnitude 
that occur more often than large catastrophic floods are the most effective flows in 
transporting sediment in a river system regardless of the humidity or aridity of the 
climate. Wolman and M iller (1960) explained that the transport o f sediment by air or 
water is dependent on the shear stress (tangential stress o r the stress that must be 
overcome to move sediment horizontally) is a  power function:
q = x "  (5)
8
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where q is the quantity moved and x is shear stress above a threshold value. Over time, 
stream discharge and its induced stresses are log-normally distributed and continuous; 
hence if  the degree o f movement is related to some power o f the stress then a relation 
between stress and the product of frequency times rate of movement must attain a 
maximum. This distribution is shown in Figure 2.1, and the highest point on curve c is 
the effective discharge. Wolman and Miller (1960) state that the effective frequency idea 
is valid as long as a stress threshold value is surpassed. Anything below the stress 
threshold produces no sediment movement When the correct magnitude is reached (the 
effective discharge or the channel forming flow), the river charmel fills to the level o f the 
floodplain elevation; hence the effective discharge is in fact the bankfull discharge. 
Wolman and Miller (1960) explained that the same relationship exists in eolian systems 
where relatively frequent events of small magnitude are more important than much 
larger, less frequent catastrophic events. These and other geomorphic processes rely on 
certain magnitudes and frequencies to shape landscapes over time.
An example o f effective discharge controlling stream charmel shape is the Lainbach 
River in Germany (Gintz et al, 1996). A step-pool morphology characterized the 
Lainbach River when a rare flood event occurred in the summer o f 1990 that demolished 
the step-pool system. Two years after the flood the river settled into a new step-pool 
morphology. Although the authors do not specifically write about effective discharge, 
reestablishment o f the original river morphology demonstrated an effective flow regime 
that controlled the river charmel shape. Even though high magnitude floods can alter a 
river’s morphology, it can return to its equilibrium form relatively quickly.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
Effective discharge has been estimated for streams and rivers all over the world. 
Andrews (1980) studied effective and bankfull discharges at fifteen gaging stations 
within the Yampa River basin in northwest Colorado and southwest Wyoming. The 
Yampa River Basin is composed o f two sub-basins: the Little Snake River sub-basin with 
an area o f 9,700 km^ and the Yampa River sub-basin with an area o f 10,100 km^. 
Moimtainous terrain dominates the eastern area o f the basin with a highest elevation of 
3,780 m. Elevation decreases towards the west and reaches a low o f 1330 m. The 
eastern half of the basin, with spruce and pine forest, receives precipitation o f 600-1,250 
mm/year, while the westem half o f the basin, with sparse grass and sagebrush, receives 
200-360 mm/year. Gage sites were chosen based on a  minimum o f five years of 
streamflow record, 25 suspended sediment measurements over a range o f  discharges, and 
the presence o f a  distinct floodplain (an indication that the channel is in quasi­
equilibrium). Andrews (1980) stated that effective and bankfull discharges were the 
same for channels within the Yampa River Basin with recurrence intervals o f  1.18 to 3.26 
years. Bankfull discharge was determined by surveying three to five cross sections for 
each gaging station where the elevation of the floodplain was considered bankfull 
elevation. Floodplain elevations were used to obtain a  longitudinal profile (that went 
through the gaging station) o f bankfull stage. Bankfull discharge was determined using a 
stage-discharge correlation at the gage station. The bankfull stage corresponded to the 
effective discharge o f the rivers, and Andrews (1980) stated that the banks o f each 
charmel formed to the effective discharge.
Kircher (1981) conducted extensive work on effective discharge in the North Platte, 
South Platte, and Platte Rivers o f Nebraska and suggested that **a direct relationship
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exists between channel size and effective discharge.” Headwaters for the rivers lie in 
central Colorado for the South Platte and north central Colorado for the North Platte as 
snowmelt from the Rockies. The South Platte drains from the continental divide 
southeast to one hundred kilometers southwest of Denver and then flows northeast out of 
the mountains onto the Great Plains (720 river kilometer stretch with watershed size o f 
62,900 km^). The North Platte moves north into east central Wyoming near the town of 
Casper where it changes direction to the southeast until it meets the South Platte River 
(1,050 river kilometer stretch with watershed size o f 80,(XX) km^). The two rivers merge 
in southwest central Nebraska where they form the Platte River. The Platte River flows 
eastward across Nebraska (79,(XX) km^ watershed plus the contributing watersheds o f  the 
North and South Platte Rivers and a 460 river kilometer stretch) until it drains into the 
Missouri River, which also marks the eastern boundary o f Nebraska. Two gage sites, one 
on the North Platte and one on the South Platte, sit just above the confluence o f the North 
and South Platte Rivers, and two other sites sit on the Platte River near Overton and 
Grand Island, Nebraska. Effective discharge values for the four sites were calculated to 
be 48 mVs with 6% probability exceedance o f effective discharge for the North Platte,
158 mVs with 1% probability exceedance for the South Platte, 41 mVs with 30% 
probability exceedance for the Overton site, and 55 mVs with a  22% probability 
exceedance for the Grand Island site. Kircher (1981) stated that effective discharge 
values are averages based on 69 equal log transformed discharge intervals and may differ 
up to 33% o f the true values depending on the kind o f discharge (equal discharge or equal 
log o f discharge) and measure o f discretization utilized in the numerical integration 
calculations. Kircher (1980) also stated that if  the effective discharge was altered in the
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rivers then channel geometry would also be altered, thus suggesting that effective and 
bankfull flows o f the Platte Rivers were equivalent.
Batalla and Sala (1995) looked at effective discharge in the Arbucies River in 
northeast Spain. The drainage basin, with an area of 114 k m \ sits in the Catalan Coastal 
Ranges, and the study site was located in the lower part o f the watershed with an average 
slope of 0.95% versus an average slope of 5% for the entire watershed. Bedrock 
surrounding the Arbucies channel is mostly granite with some schist, micaschist, and 
gneiss. Along the channel, sand and fine gravel cover weathered bedrock and Quaternary 
units, and the Arbucies River is one of the main tributaries o f the Tordera River. Average 
yearly rainfall for the basin is 984 mm with average yearly evaporation rate o f 637 mm 
from an evergreen-oak woodland that blankets 97% o f the watershed. An interesting 
characteristic about the Arbucies River is that it experiences an annual drought and 
becomes an ephemeral river six to seven days a year. Batalla and Sala (1995) determined 
that the effective discharge (4(X)0 1/s) occurs 2.2% o f the time for the Arbucies River 
(similar to bankfull discharge) and was exceeded an average of 7 days/year.
Whiting et al. (1999) studied effective and bankfull discharges at 23 sites on rivers in 
northern and central Idaho. The rivers sit in the northern Rocky Mountain physiographic 
province, and all but two of the streams are contained within the Columbia River 
watershed. All o f  the rivers flow to and become incorporated in the Salmon or 
Clearwater Rivers. Volcanic rock, the Idaho Batholith, and metasedimentary rocks form 
the bedrock matrix o f the stream channels over which alluvial cover exists at all study 
sites. Three of the streams in the study experienced water diversion for irrigation 
purposes, but only one o f the three did not have most o f  the water fed back into its
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channel after diversion. Average precipitation for the watersheds varies from 25-180 
cm/year, and vegetation varies from sage and grass to willows to conifer forest. Whiting 
et al (1999) determined that effective discharge for all twenty-three sites had an average 
recurrence interval o f 1.4 years (equivalent to approximately fourteen days per year) and 
bankfull discharge had an average recurrence interval o f 2.0 years (approximately nine 
days per year). The authors also determined that effective and bankfull discharges are 
roughly similar with effective discharge averaging 80% of bankfull discharge.
Andrews and Nankervis (1989) studied seventeen gravel-bed rivers in Colorado to 
determine whether effective and bankfull discharges were the same. All of the rivers 
flowed in alpine watersheds through mountainous terrain in Colorado. Each study site 
had a well defined floodplain so that bankfull elevation could be determined and 
compared to effective discharge. Andrews and Nankervis (1989) concluded that 
calculated effective discharge and bankfull discharges for the seventeen gravel-bed rivers 
were essentially the same and occurred on an average o f 15 days/year.
Several studies of effective and bankfull discharge have suggested that they are 
different (Benson and Thomas, 1966; Pickup and Warner, 1976; Nolan et al, 1987). 
Pickup and Warner (1976) studied streams and rivers in the Cumberland Basin in eastern 
New South Wales, Australia and compared effective and bankfull discharges. The area 
receives approximately 750 nun o f precipitation a year, however most o f the snoaller 
streams in the basin are ephemeral. Regional bedrock is shale, which weathers into clay 
and precludes infiltration. When floods occur discharge increases rapidly leaving a  fast 
drying charmel after the flood event. Pickup and Warner (1976) stated that effective and 
bankfull discharges were not the same in the Cumberland Basin and that effective
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discharge (recurrence interval o f 1.3 years) was much lower than bankfull discharge 
(recurrence interval o f 4-7 years). Pickup and Warner (1976) state the following reasons 
for this discrepancy: (1) the calculated sediment transports may not be accurate; (2) the 
derivation o f the flow-duration curve for the period o f record (1957-1970) may not be 
typical o f normal conditions; and (3) possibly due to channel cutting, the bankfull 
discharges may be too high.
Nolan et al. (1987) studied five streams in northwest California using only suspended 
sediment to compare effective and bankfull discharges. The authors used suspended 
sediment because bedload data was only available for two o f the five streams. The 
authors used mathematical calculations to derive a relationship between suspended load 
and bedload and used a proxy suspended sediment transport curve to calculate effective 
discharge. In this manner, all five streams could be studied based on a correlation 
between suspended load and bedload. However, if effective discharge controls the 
stream channel and the stream channel is made of bedload material, this study may not be 
appropriate for comparing bankfull and effective discharge. Discharges do occur below 
the threshold for bedload movement (but with suspended sediment movement) thus 
distorting the relationship between suspended and bedload transport. The study area 
receives yearly precipitation values o f 1016 mm to 2032 mm, most o f which falls in the 
winter, and this in turn creates large floods with extreme amounts o f sediment moved. 
Although Nolan et al. (1987) determined that the effective discharge o f the streams 
moved the most sediment over time and occurs at a  higher frequency than bankfull 
discharge, bankfull discharges were much larger in magnitude and had higher recurrence
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intervals than effective discharges (1.1 to 16.1 years for effective discharges vs. 11 to 
>100 years for bankfull discharges).
Benson and Thomas (1966) conducted a similar study where they looked at transport 
o f suspended sediment in rivers for five eastern and four western rivers in the United 
States. The authors used available suspended sediment data and assumed that total 
sediment load (suspended and bedload) was proportional to suspended load. Once again, 
discharges do occur where there is suspended sediment movement but no bedload 
movement, thus introducing error into any proportionality constants between suspended 
and bedload transport. Eastern rivers included the East Branch Delaware at Fishes Eddy, 
New York (years o f record 1916-1960, watershed area o f 783 mi^); West Branch 
Delaware River at Hole Eddy, New York (years o f record 1916-1960, watershed area of 
593 mi^); Neversink River at Godeffrey, New York (years o f record 1938-1959, 
watershed area o f 302 mi^); Neshaminy Creek at Longhome, Peimsylvania (years o f 
record 1935-1960, watershed area of 210 mi^); and the Potomac River at Point of Rocks, 
Maryland (years o f record 1896-1960, watershed area o f 9651 mi^). Western rivers 
included the Rio Grande near Bernalillo, New Mexico (1942-1959, 14360 mi"); Rio 
Puerca near Bernardo, New Mexico (years o f record 1941-1959, watershed area of 6220 
mi"); Colorado River near Grand Canyon, Arizona (years o f record 1931-1959, watershed 
area o f 137800 mi"); and the Galisteco Creek Domingo, New Mexico (years o f record 
1942-1962, watershed area o f 640 mi"). Benson and Thomas (1966) used the term 
dominant discharge to refer to effective discharge and determined that the dominant 
discharge for many rivers is lower than bankfull discharge. They further stated that the 
concept of dominant discharge needs to be increasingly studied to come to any
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conclusion as to whether the dominant (effective) discharge has any effect on channel 
shape. This discrepancy of dominant discharge possibly shaping the stream channel may 
have to do with the fact that this was an early study (1966) and the data used reached as 
far back as the late 1800s.
Ashmore and Day (1988) studied suspended sediment transport for streams in the 
Saskatchewan River Basin in Canada and determined that the effective discharge for 
streams increases in the downstream direction with larger contributing basins. The 
Saskatchewan watershed is 347,000 km^ east o f the continental divide and contains two 
main river branches, the North and South Saskatchewan River, that flow into Cedar Lake 
and then into Lake Wirmipeg. Ashmore and Day (1988) stated that effective discharges 
for rivers in the Saskatchewan River Basin occur anywhere from l%-40% of the time 
with the majority occurring between 1% and 13% o f the time; the larger the contributing 
basin the higher percent exceedance for effective discharge.
Effective discharge can be changed in a watershed when a river or stream undergoes 
water diversion, such as for agricultural purposes, or with construction of reservoirs. 
Andrews (1986) studied effective discharge o f the Green River, Colorado and Utah, 
before and after construction o f the Flaming Gorge Reservoir, particularly focusing on 
the downstream effects o f the reservoir. The effective discharge o f the Green River 
changed significantly when Flaming Gorge Dam was completed (October 1962) which 
ultimately altered channel dimensions downstream o f the reservoir. Three different gage 
locations were studied. At Browns Park effective discharge was originally 7,450 fp /s 
with a recurrence interval o f 20 days/year and changed to 2,750 ft^/s with a  recurrence 
interval o f 99 days/year. For the Green River Jensen gage (105 river miles downstream
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from the reservoir) effective discharge was 20,500 ft^/s with recurrence interval o f 11 
days/year before the reservoir and changed to 11,500 ft^/s with recurrence interval o f  27.4 
days/year after dam construction. The Green River, Utah gage (290 river miles 
downstream o f reservoir) had an effective discharge of 26,500 ftVs with a recurrence 
interval o f  10.2 days/year before the reservoir and altered to 20, 500 ft^/s with recurrence 
interval o f  8.8 days/year. The decrease in effective discharge led to the decrease in 
bankfull dimensions. An average decrease o f 13% (560 ft to 485 ft) in bankfull width 
occurred at Browns Park, an average o f 13% decrease (700 ft to 610 ft) at the Jensen 
gage, and an average o f 10% decrease (515 ft to 465 ft) at the Green River, Utah gage. 
Such a  change in effective discharge can alter the riparian system thus damaging the 
ecosystem. Andrews (1986) mentioned that the impacts o f long-term channel alterations 
for the survival o f many species o f fish are a concern because gravel-bed areas o f the 
channel are important for spawning.
Gregory and Park (1974) also studied the reduction in River Tone channel capacity 
after construction o f the Clatworthy Reservoir in Somerset, southwest England. 54% 
reduction in channel size occurred just beneath the dam and the effect o f the reservoir 
caused adjustments in chaimel dimensions for at least eleven kilometers downstream. 
Adjustments in channel dimensions o f the River Tone cease downstream of the dam after 
the contributing watershed increases to four times the area of the Clatworthy Reservoir 
watershed. Peak discharges o f the River Tone also fell by 40% after construction o f  the 
dam.
Lisle and Napolitano (1998) studied the effects o f logging on sediment transport for 
the main charmel o f North Fork o f  Caspar Creek. The North Fork o f Caspar Creek flows
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in northern California in an area that experienced logging from 1860 to 1904. Before 
logging in the Caspar Creek Watershed, the stream consisted o f a step-pool morphology 
controlled by large trees that fell into the stream creating woody debris dams with deep 
pools. When the area became a site for logging, the stream was altered so that log runs 
could be made with ease. Preparation for log runs included removing or dynamiting 
large boulders, rocks, and trees (leaning in or over the stream, underwater trees, or 
collected woody areas) in the stream channel (Brown, 1936 from Napolitano, 1998).
Lisle and Napolitano (1998) stated that loggers cleared large areas o f forest thus creating 
increasingly windy conditions. Increased winds also added to the number o f trees 
remaining around the stream that fell into the channel and especially to the number o f 
woody debris areas. Removal o f trees also made it easier for shrubs, bushes, and 
organics that were laying on the ground to blow into Caspar Creek, thus creating debris 
dams with large pools behind them. Increased pools scattered throughout the stream 
channel made it easier for the collection o f bedload sediment and temporary areas of 
increased fine sediment. Low to moderate discharges also occurred more often making it 
easier for Caspar Creek to carry woody debris thus forming dams and deep pools. 
Napolitano (1998) also explained that Caspar Creek has not reestablished its previous 
morphology because woody debris dams are not as solid as before blasting and steep 
pools are smaller due to smaller diameter trunks. The stream is more resistant to bank 
erosion because of the growth o f new trees on valley fills which hinders lateral migration 
and allows the channel to remain narrow and deep. Napolitano (1998) stated that the 
reestablishment o f the original river morphology will not occur until the previous
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correlation between the size o f woody debris (such as larger diameter tree trunks) and 
stream velocity magnitude is reinstated.
Bray and Kellerhals (1979) looked at channel adjustments in Canada as a response to 
human-made changes such as dam construction, river diversions, and straightening of a 
meandering stream path. Construction o f the W.A.C. Bennett Dam on the Peace River in 
British Columbia decreased discharge from spring runoff as much as 3000 to 6000 mVsec 
1800 km downstream o f the dam along with a  similar response in stage, which was 
reduced two to four meters. Wetlands were at risk o f changing into forested areas due to 
the reduction in river flow after construction o f the dam, however Canadians built a weir 
across a main outlet channel to prevent forestation. Also, winter river flows expanded as 
a result o f dam construction which caused greater ice production that can result in spring 
ice congestion along the river and possibly reroute water. Diversion o f water into certain 
interbasins decreased water quality in bedrock channels because increased flow removed 
sediment that sat at the bottom of the chaimel. Interbasins consisting o f unconsolidated 
sediments that had increased flows from diversion experienced massive degradation and 
erosion and slumping of banks. Degradation also occurred in channels that were 
straightened in order to control flooding upstream of human-made channel corrections. 
Bray and Kellerhals (1979) explained that a  complete comprehension o f rivers systems 
and geologic controls is important before estimating how a fluvial system will respond to 
human-made changes.
No work on effective discharge has been conducted in Great Basin National Paric; 
however, gaging stations were in operation from October 1, 1947 through September 30, 
1955 in Baker and Lehman Creeks and were reinstated from October 1, 1992 to
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September 30,1997. Seepage runs were conducted by the USGS in 1992 on Baker, 
Lehman, and Snake creeks to determine gaining and losing areas o f  the streams (Jacobs 
and Flora, 1994). Discharge data was obtained from the United States Geological Survey 
website and used in conjunction with new data collected at Lehman Creek during the 
course of this study. Downloaded data included gage number, latitude and longitude, 
contributing area (Table 2.1), and average daily discharge for the entire period of record.
Effective Discharge vs. Bankfull Discharge
Many authors compared effective discharge with bankfull discharge, which is defined 
as the stream flow that fills the chaimel to the lowest terrace level (the active floodplain 
elevation) (Andrews, 1980). Bankfull discharge can be estimated (according to Williams, 
1978) in four different ways: (1) rating curve, (2) hydraulic geometry, (3) flow recurrence 
frequencies, and (4) a flow equation like the Gauckler-Manning equation. The rating 
curve method involves measuring the elevation o f bankfull stage relative to gage height. 
Bankfull discharge is then determined using the gage station’s rating curve. The 
hydraulic geometry method o f determining bankfull discharge requires correlating 
discharge (Q) with characteristics such as cross sectional area, water surface width, and 
mean depth. Bankfull dimensions (width and area) are determined by surveying and 
bankfull discharge is read from the hydraulic geometry graph. The flow recurrence 
firequency method uses a  fiow-firequency curve at the gaging station under investigation 
and the assumption that bankfull discharge recurs at specific time intervals. The flow 
recurrence frequency method may produce discrepancies because bankfull discharge may 
not occur at exact time intervals. The flow equation method differs from the previous
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three methods in that estimating bankfull discharge is not restricted to a gaged location; 
one may determine bankfull discharge at ungaged sites. If the Gauckler-Manning 
equation is used, as explained by Williams (1978), required variables are resistance 
coefficient, bankfull flow area, bankfull depth, and water surface slope (longitudinal 
profile o f the fluvial channel). The resistance coefficient, a function of the channel 
bottom material, is determined by measuring a lower discharge at the site and backing out 
resistance coefficient which is then applied to the system at bankfull discharge. All other 
variables are determined by surveying.
Whether effective and bankfull discharges are the same flow or if  they are two 
different flows is a subject of debate. Andrews (1980) and Whiting et al. (1999) state that 
effective discharge equals bankfull discharge and represents the flow that maintains a 
chaimel’s shape. Andrews (1980) further explains that the effective discharge is the 
charmel forming flow and that the bankfull stage o f a chaimel adjusts itself to the 
effective discharge thus making the effective and bankfull discharges equivalent Benson 
and Thomas (1966) and Nolan et al. (1987) determined that effective discharge is lower 
than bankfull discharge. Nolan et al. (1987) explains that even though most sediment is 
moved by the effective flows huge amounts o f sediment are moved by the even larger 
infrequent flows. The larger less firequent flows are evident in river chaimels because of 
the geomorphic evidence o f high bankfull charmel capacities and the effectiveness of 
these larger floods. Table 2.2 summarizes the previous work o f authors in this section 
indicating whether or not they consider effective and bankfull discharges to be equal. In 
this study effective and bankfull discharges are compared to determine if  they are 
significantly different within the Lehman Creek watershed.
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CHAPTERS
COMPUTING EFFECTIVE DISCHARGE
Calculating Effective Discharge
Determination o f effective discharge requires streamflow and sediment transport data 
from an extended time period. Two separate relationships are derived, a  probability 
density function (pdf) for streamflow and a sediment rating curve. The product of these 
two curves produces a third relationship between streamflow (x) and effective sediment 
transport (y). Effective discharge is then defined as the flow regime resulting in 
maximum effective sediment transport over the period in question. The derivation o f the 
effective discharge curve is explained concisely in Omdorff and Whiting (1999) and 
Omdorff and Stamm (1997).
Binning Method
Two methods have been used to calculate effective discharge. The binning method, as 
described by Omdorff and Starmn (1997), requires that a flow histogram be created with 
firequency values and discharge classes (Figure 3.1). For instance, the binning method 
requires the investigator to choose a number o f bins with a set discharge range for each 
bin (for example, bin one equivalent to 0-500 mVs, bin two equivalent to 500-1000mVs,
22
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etc.). Frequency of each discharge class is the number o f days that a stream discharge 
falls into a particular bin for the period o f record. The total amount o f sediment 
transported by each discharge class is determined by multiplying the sediment transport 
curve by the frequency value o f each discharge class. The discharge bin that moves the 
most sediment over the period o f record is the effective discharge for that particular 
fluvial system. A potential problem resulting from calculating effective discharge by the 
binning method is that the calculated effective discharge value may vary based upon the 
selected number o f discharge classes (bins) (Omdorff and Whiting, 1999).
Cumulative Probability Density Function (pdf) Method
A second method for calculating effective discharge is the cumulative pdf (probability 
density function) technique discussed by Om dorff and Whiting (1999). A cumulative 
probability density function (Figure 3.2) is constmcted from daily discharge values for 
the period o f  record. A cumulative probability density function is differentiated to 
produce a  pdf in discharge, which shows the frequency distribution o f stream flow 
(Hgure 3.3). The pdf is then multiplied by the sediment transport curve to estimate 
effective sediment transport and the effective discharge.
Sediment discharge increases as a power function o f water discharge (Figure 3.4) and 
the equation takes the form:
Q s—nQ*' (1)
where Q$ is sediment discharge (mass/time), Q  is stream discharge (volume/time) and a 
and k are constants derived from a logarithmic transformation o f the power function.
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This manipulation (take natural log o f  both sides) of the power function results in a linear 
equation with slope k and y-intercept ln(a).
ln«3s) =  ln(a(3^) (2)
ln(Q ,) =  ln (a)+kln((3) (3)
The constants can then be determined via least-squares linear regression o f streamflow 
and sediment discharge data.
The product of the pdf and the sediment transport curves produces the effective 
sediment transport curve, which shows total quantity of sediment transported by each 
discharge regime (Figure 3.5). The peak o f the effective sediment transport curve 
corresponds to effective discharge, which transports the most sediment over time. 
Recurrence interval (frequency o f stream discharge) is computed as:
R =  (n+l)/m  (4)
where R is the recurrence interval, n is number of years of record, and m is computed by 
taking the highest discharge for each year of record and ranking it from largest (m = 1) to 
smallest (m = total number of years in record). Frequency for each flow is then 
determined by using equation 4  and plotting annual maximum Q (y-axis) versus R (x- 
axis) (Figure 3.6). Once flood frequencies are plotted that same curve can be used to 
determine the recurrence interval for effective discharge via interpolation.
Birming vs. Cumulative Method
Using the binning method may produce different variable estimates o f effective 
discharge based on the number o f bins. Omdorff and Whiting (1999) demonstrated that 
effective discharge values for the Red River in Idaho changed significantly with the
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number o f bins. Effective discharge values varied from 300 ft^/s to approximately 460 
ftVs while varying the number o f bins from 10 to 100. A significantly greater range of 
over400 ft^/s to almost 1150 ft^/s resulted when 100 to 1000 bins were used in analysis 
(Hgures 3.7 and 3.8).
An interesting aspect about the cumulative pdf techniques for estimating effective 
discharge is that the number o f differentiation points chosen to determine the effective 
fiows does not change the estimated effective discharge as much as changing the number 
o f bins in the first method (Omdorff and Whiting, 1999). Om dorff and Whiting (1999) 
showed that effective discharge values resulting from the differentiation technique did 
not vary greatly when using between 10 and 1000 thousand differentiation points 
(Figures 3.9 and 3.10); they concluded that the differentiation method is more stable than 
the binning method when determining effective discharge, at least for the Red River in 
Idaho. Both methods were utilized in determining effective discharge in this study for 
Lehman Creek, and the values were compared to see if  estimates changed significantly 
based on the number o f differentiation points or bins used.
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CHAPTER 4 
FIELDWORK
Site Descriptions
I setup two field collecting sites along Lehman Creek on October 10, 1999. Site
number one, named WL-1, is situated just below W heeler Peak Campground (Figure 4.1
and 4.3). Exact latitude and longitude coordinates and elevation for this site are 39° 00’
39.12” N, 114° 17’ 52.68”  W, and elevation is 2951.4 meters (readings taken firom a
small hand held GPS unit). The slope of the creek is steeper at this site than the second
site and the channel bed is composed mainly of the Prospect Mountain Quartzite with
approximately 25% o f the charmel composed of the Pioche Shale. Only a few cobbles of
the Pole Canyon Limestone were found in or along the charmel at this location on
Lehman Creek. Vegetation along this site consists o f coniferous and deciduous forest
and aspen because o f the high elevation (approximately three thousand meters above sea
level). Because o f thick canopy cover from vegetation and an easterly facing watershed,
this location receives little sun exposure, which allows snow to remain on the ground for
a longer period o f  time. The Great Basin National Park weather station sits at an
elevation that is one thousand meters lower than this site; therefore, average monthly
temperatures and precipitation values are different for the WL-1 location. There is no
26
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weather station at this higher location; however, the federal government installed a 
weather station on top of Bald Mountain (Figure 1.3) in the early 1990s. The government 
locked the weather station and it was never checked for data collection or proper 
operation until the summer o f 2001. The weather station transmitted data to a modem at 
the park's visitor center and it was then electronically transferred to an unknown database 
(personal communication Roberts, 2001).
Approximately ten kilometers downstream from the WL-1 site is the second site, 
named WL-2 (Figure 4.2 and 4.3). Exact location of this site is 39° 00’ 38.16 ”N and 
114° 12’ 40.62”  W, with an elevation o f 2019.6 meters above sea level (readings taken 
from a small hand held GPS unit). WL-2 is in close proximity to the Great Basin 
National Park weather station at 39° OO’N, 114° 13’W and 2080.1 meters above sea level. 
WL-2 is situated on an alluvial flat, with a shallower slope than the first site. WL-2 
receives a greater volume of water than WL-1 due to a larger contributing watershed. 
Sediment at this site consists o f sand, silt, gravel, and cobbles from the Prospect 
Mountain Quartzite, Pioche Shale, and Pole Canyon Limestone; however, the Prospect 
Mountain Quartzite dominates the charmel. Vegetation at this site is much different than 
the first site as it is one thousand meters lower in elevation; it consists o f pinyon juniper 
woodland and evergreen shrub. Precipitation and temperature data collected at the Great 
Basin National Park weather station are assumed to be identical to temperatures and 
precipitation values at WL-2.
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Instrumentation and Field Techniques
Pressure Transducers 
I installed pressure transducers on October 10,1999 at the two station sites along 
Lehman Creek to begin long-term water pressure measurements. Pressure transducers 
record water pressure of the stream every fifteen minutes and after every sixty minutes an 
average is recorded of the previous four water pressure measurements and stored in the 
instrument. Instrument models used were the WLS-2109e Level Tracker (sensor) and the 
WPS-2109e W ater Pressure Recording system (data logger) which stored the pressure 
measurements (Figure 4.4) (Telog Manual, 1995). Installation processes consisted of 
mounting the recording system onto an angle iron plate with steel wire and duck tape and 
running the level tracker through PVC pipe so that the sensor would not be damaged 
firom bedload impact. 1 drilled holes into the PVC pipe so that water would be able to 
move through the pipe freely and not cause error in water depth measurements. A stage 
plate attached to the angle iron measured water level height in units o f  hundredths of feet. 
1 took readings from the stage plate for water level height each time I conducted 
measurements at the station sites located along Lehman Creek during fieldwork.
Data Logger
Data were downloaded fiom the data logger using a Data Transfer Unit (DTU) and 
then transferred to a personal computer for analysis. 1 used the A-203 Data Transfer Unit 
fix>m Telog to download data and store it until transfer onto a  computer (Hgure 4.5) 
(Telog Manual, 1995). Records consisted of the date, time, hourly minimum psi (pound 
force per square inch), hourly maximum psi, and hourly average psi.
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Surveying Equipment 
I used surveying equipment to measure cross-sections and longitudinal profiles at each 
station site. Cross-section ends were marked using two pieces o f rebar (approximately 
0.3 meters in length) and hanunered into the ground on each side o f the stream. Each 
rebar was marked with an aluminum tag that indicated the station site and its location on 
the right or left side o f the stream charmel. The right and left sides o f the stream channel 
were defined while facing in the downstream direction. Cross-sections for each station 
site were set up within one meter of the pressure transducers (downstream of WL-1 and 
upstream o f WL-2).
Surveying equipment included the Sokkia C41 (SN 35117) surveyor’s level, 
aluminum tripod (30-foot or 9.1 m expandable), fiberglass stadia rod with units in 
hundredths o f feet o f feet, and a one hundred foot (30 meter) measuring tape (Figure 4.6). 
The Sokkia C41 surveyor’s level features a  magnification power o f 20x, resolving power 
o f 11.4 cm, fiçld o f view o f 1° 30’, minimum focus o f 0.9m, and a stadia ratio o f 1:100.
A graduation of 1° is set for the azimuth on the horizontal circle o f the surveyor’s level 
which can be measured to a half degree and the circular level vial has a sensitivity o f 
10’/2mm. Hnally, the leveling accuracy in one kilometer (or mile) o f double-run 
leveling is ±2.0mm/.(X)8ft (Ben Meadows Company, 2001).
Setting up the equipment required attaching the surveyor’s level to the tripod and 
adjusting the bubble level so that the surveyor’s level was perfectly horizontal. Next, the 
correct azimuth (direction) o f the surveyor’s level needed to be determined. I determined 
the correct azimuth by using a  Brunton compass in one o f two ways: (1) pointing the 
Brunton compass due south (180°) so that when the surveyor’s level pointed to the
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Brunton it pointed north (0°/360°) or (2) looking through the surveyor’s level directly at 
the Brunton compass and adding 180° to the direction on the Brunton and adjusting the 
azimuth position on the surveyor’s level to the Brunton’s azimuth plus 180°.
The left edge of the cross-section at each station location served as the starting point 
o f  that cross-section and the rebar acted as the benchmark for setting instrument height. I 
set the benchmark to an arbitrary height o f 100 feet and determined the height o f the 
surveyor’s level by adding the stadia rod reading at the benchmark to 100 feet. 
Measurements were taken every six inches across the cross-section until reaching the 
right edge o f the transect. Data recorded included the upper, middle, and lower readings 
on the stadia rod. The middle reading corresponded to the elevation o f each particular 
point measured and the upper and lower numbers are correlated to horizontal distance 
from the level (mathematical determinations explained in Lab Analysis section). I 
recorded azimuth readings to determine the direction that the surveyor’s level faced at 
each measured point along the transect. W ater depth measurements were also recorded 
from the stadia rod when the transect crossed through the stream.
Longitudinal profiles were surveyed up and downstream at each station site so that an 
average slope could be determined. Spacing between measured points along the 
longitudinal profiles was approximately 1 meter. I took the same readings from the 
stadia rod as those read when surveying cross-sections (upper, middle, lower, azimuth, 
and water depth).
Swoffer Current Velocity Meter 
I measured streamflow with a Swoffer Current Velocity M eter (Model 2100) that was 
mounted on an aluminum Swoffer rod (Model #3000-14 expandable to 4.7 feet or 1.4 m)
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and wand (Model #21(X)-A21) (Figure 4.7a and 4.7b). H ber optic cables use infrared 
light (from a photo diode to a  photosensitive transistor) from electronic pulses from the 
propeller rotor (Swoffer, 2001) to measure number o f rotations which corresponds to 
flow velocity. H ber optic cables reduce friction and increase accuracy of measurements. 
The number of propeller rotations over a time period is proportional to velocity (Swoffer, 
2001).
I conducted readings in the field by setting up the same transect as that used for 
surveying and then measured the width of the stream channel and divided into five 
increments. Next, I calculated the midpoint between each increment and that is the point 
at which I performed stream velocity counts (Hgure 4.8). I measured water depth at each 
midpoint using the same stadia rod as that utilized for surveying so that the propeller 
could be properly placed in the stream channel. I placed the propeller at 40% o f each 
section's depth, which is where the average velocity of the water column is found. Timed 
measurements of one minute were conducted at each midpoint across the transect and I 
recorded the total number o f  rotations of the propeller. Counts per minute were then 
correlated to velocity.
Helley-Smith Bedload Collector 
I measured bedload measurements using the Helley-Smith bedload collector (Hgure 
4.9). A fine net that is attached to the collector captures bedload but allows suspended 
load to move through because the mesh size o f the net is 0.25mm (Ryan and Troendle, 
1999). Measuring bedload was important in the Lehman Creek study because bedload, 
not suspended load, shapes the stream channel. Clear water was observed during data
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collection moving through Lehman Creek even during times o f higher flows, therefore 
suggesting low quantities o f suspended sediment.
I collected bedload by using the same transect as that used for surveying and water 
velocity measurements. At each measuring point I placed the collector in the water on 
the bottom o f the stream channel so that bedload could be captured. Samples collected in 
October 1999 and March 2000 consisted o f timed measurements of one minute at each 
collection point. All other samples collected (June, July, August 2(XK); March 2(X)1) 
consisted o f timed measurements o f five minutes at each collection point so that a 
significant amount o f bedload could be collected and accurately weighed in the lab. 
Amount o f bedload captured was correlated to stream discharge measured at each cross- 
section because I measured water velocity in conjunction with bedload. I stored samples 
in zip lock bags and marked each sample with the station location, transect, date, and 
time o f  measurement (time when a bedload transect was completed).
On June 7, 2000 two additional cross-sections were set up at each station location to 
look at the consistency o f bedload measurements. Each station location had an additional 
cross-section set up within ten meters o f the pressure transducer (or main cross-section) 
upstream and downstream of each station site. I collected bedload for all three transects 
at each station site in June, July, and August o f 2000. Due to forested conditions a 
significant amount o f organics was captured during collection, and it was separated from 
the samples before weighing.
Painted Rocks
I placed painted rocks at each station site along Lehman Creek. At the upper station, 
WL-1, tw en^  rocks were pulled at random approximately three meters downstream firom
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the pressure transducer on June 2,2000. H ve alternate rocks were also pulled from the 
stream at the WL-1 location to ensure a  significant size variation between samples. The 
rocks were laid in the sun to dry, then painted with white waterproof spray paint, and 
finally marked with an identification letter and number that indicated the rock and the 
station. On June 7, 20001 measured the a, b, and c (primary, secondary, and tertiary) 
axes for all of the rocks (Appendix 1). The a-axis corresponds to the longest axis on the 
rock, the b-axis is measured perpendicular to the c-axis in the second dimension, and the 
a-axis is measured perpendicular to the c-axis in the third dimension. Lithology o f the 
rocks consisted o f the Prospect Mountain (Quartzite and the Pioche Shale. 1 selected 
twenty of the twenty-five rocks by first choosing the largest rock then the smallest rock, 
then the second largest rock followed by the second smallest rock until I reached a total 
of twenty. Two cross-sections o f ten rocks each were placed downstream o f the pressure 
transducer at 2.4 meters and 9.4 meters (Figure 4.10). Each cross-section consisted of 
alternating large and small rocks approximately evenly spaced across the channel.
1 pulled 14 rocks at random from the stream channel at the WL-2 site on June 2 ,2000 
approximately one downstream o f the pressure transducer and pulled 14 rocks from the 
stream approximately 10 meters downstream from the pressure transducer. Lithology of 
the rocks consisted o f the Prospect Mountain (Quartzite and the Pole (Zanyon Limestone.
I painted and measured the rocks in an identical manner as that used at the WL-1 
location. Two cross-sections o f 10 rocks each were placed 2.6 meters and 4.9 meters 
downstream o f the pressure transducer alternating between large and small rocks across 
the channel on June 7, 2000 (Figure 4.11). The painted rock technique used in the
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Lehman Creek study is the same technique used by Whiting et al (1999) to qualitatively 
assess movement o f bedload o f varying size.
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CHAPTERS
LAB AND COMPUTER ANALYSIS
Separating Clastic and Organic Sediment
I separated organics from stream sediment during lab analysis. Samples from both 
station sites consisted o f mostly sand to pebble clasts along with organic matter. 
Vegetation matter consisted o f detritus from various plants surrounding Lehman Creek, 
such as cottonwood trees. Great Basin wild rye, rabbit brush, salex willows, wild rose 
(Roberts personal communication, 2001), pinyon-juniper woodlands, coniferous and 
deciduous forest, meadow, aspen, and a  variety o f shrubs (Jacobs and Flora, 1994) 
(Figure 5.1). Animal matter such as small insects (flies, spiders, and moths) were also 
captured during sediment transport measurements and removed from the samples before 
weighing.
Ziplock freezer bags held the sediment after collection during fieldwork. Separation 
o f organics began by adding water to the ziplock bags and mixing the sample so that the 
organics would float to the top of the water. Funnels were placed into Pyrex beakers 
(400 ml or 1000 ml size) and Whatman 541 filter papers (diameters o f 18.5 cm and 12.5 
cm) were first moistened and then set in the funnels in order to filter the organicsli- After 
the organics filtered out o f the sediment transport samples they were placed in their own
35
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
36
ziplock bags along with the filter paper used for each sample and marked with the date, 
time, and station location then left to completely dry before weighing. Most o f the 
organics were filtered out o f each sediment sample; however, not every piece was 
removed, especially tiny particles which probably did not contribute enough mass to 
cause appreciable error in weighing.
Sediment Weights
Sediment samples were weighed using the Scout electronic balance (model number 
SC6010) made by the Ohaus Corporation (Figure 5.2). The instrument was calibrated 
using a 300 gram weight that came with the scale to a precision of one tenth o f one gram. 
The samples, both organic and inorganic, were removed fix>m the ziplock freezer bags 
and placed in a plastic cup that sat on top of the scale with a new zero value so that the 
cup would not add weight to the samples. Units o f measurement for the sediment 
samples were in grams and then calculated into units o f tons/day (see the following Excel 
discussion). Inorganic sediment was weighed separately from the organic samples, and 
daily logs o f sediment measurements and weights are listed in Appendix 2. After 
weighing, the samples were stored in the Technology building at the University of 
Nevada, Las Vegas for possible further analysis.
Excel
Surveying Data
Surveying data was entered into the Microsoft Office 1997 Excel program in order to 
plot cross-sections and longitudinal profiles. British Units were utilized for field
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measurements because in most o f the American literature British Units are used to 
conduct fieldwork, and field equipment for the Lehman Creek study measured in British 
Units. The National Park Service and National Forest Service also use British Units for 
stream surveying and data collection; therefore, British Units were utilized for this study 
for consistency between datasets.
For cross-sections the upper, middle, and lower values read from the stadia rod were 
entered into a spreadsheet along with water depth readings where Lehman Creek covered 
the channel bottom. The elevation of each point was calculated by subtracting the middle 
stadia value from the instrument height. Instrument height was determined at the left 
edge of the cross-section by assigning an arbitrary benchmark o f one hundred feet to the 
benchmark then adding the middle value of the stadia reading to the benchmark to 
compute instrument height. For example, instrument height for surveying the WL-1 site 
on June 5. 2000 was 101.99 feet. The middle value from the stadia rod was 1.99 at the 
benchmark, and that value was added to one hundred feet to assign an elevation to the 
optical level.
Elevation values for points measured across the cross-section were calculated by 
subtracting the middle reading of the stadia rod from the instrument height. For instance, 
if one of the measured points had a middle stadia rod reading of 3.73 feet for the cross- 
section survey o f W L-l on June 5,2000 that number was subtracted from 101.99 with the 
resultant value (98.26) being the relative elevation of that particular point on the cross- 
section. Calculating the distance o f each measured point firom the surveyor’s level 
involved subtracting the lower reading from the upper reading on the stadia rod and 
multiplying the difference by one hundred (Harrelson et al., 1994). Distance values, like
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elevation values, were in units of feet. After mathematical calculations were complete 
the elevation results were plotted in Excel in order to study the shape o f the cross- 
sections (Figure 5.3). Appendix 3 contains elevation and distance calculations for cross- 
section surveys o f each station site throughout the study.
Longitudinal profile data was entered into Excel the same way as the cross-section 
data (upper, middle, and lower stadia readings along with water depth o f Lehman Creek). 
Instrument height was determined using the same benchmark (with an assigned value of 
one hundred feet) as that used for cross-sections. All other elevation values measured 
along longitudinal profiles were calculated by subtracting the middle reading of the stadia 
rod from the assigned instrument height. Distance of the measured points from the 
surveyor’s level were computed by subtracting the lower stadia reading from the upper 
stadia reading for each point and multiplying the difference by one hundred (the same 
process used when determining distance for cross-sections). After mathematical 
calculations were complete elevations were plotted in Excel in order to study the shape of 
the longitudinal profiles (Figure 5.4). Appendix 4 contains elevation data and distance 
calculations for longitudinal profile surveys at each station site.
I used surveying data to calculate the distance of each measured point along the 
longitudinal profile from the surveying instrument and then used trigonometric functions 
(cos 6 = adjacent/hypotenuse; sin 0 = opposite/hypotenuse) to compute x and y- 
coordinates in an Excel spreadsheet. The 9 values were the azimuth directions measured 
during surveying o f the longitudinal profiles. Next I created four columns of data that 
consisted of x-coordinate, y-coordinate, elevation, and label (identification for each 
longitudinal point and surveying instrument) and saved it as a tab-delimited text file
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which I brought into Arc View. A new view was created for each station site and the 
table was added as a new event theme into the view. I utilized ArcView to calculate the 
horizontal distance and the difference in elevation from the upstream and downstream 
end o f each longitudinal profrle. The gradient was then:
gradient = change in elevation/downstream distance
Velocity Calculations
Stream velocity, measured with a Swoffer current velocity meter at five points across 
each cross-section, was used to estimate stream discharge values. For each velocity 
measurement, I entered site location, date and time of measurement, Swoffer readings 
(number o f propeller counts/minute), distance between measured points on the transect, 
and stream depth for each point into an Excel spreadsheet.
Readings from the Swoffer instrument consisted o f the number of propeller 
counts/minute; note that the instrument reads four counts per rotation (Swoffer 
Instruments Inc., 1998). The first calculation involved converting the Swoffer readings 
to the number o f counts per second by dividing by 60 seconds. The resultant number is 
then divided by a conversion factor of 18.6 counts/foot, which is the calibration default 
reading o f the instrument (186 counts/10 feet), to determine the velocity o f the stream at 
each point. For example:
(x counts/second)/( 18.6 counts/foot) = y feet/second 
Units obtained from the above calculation are feet/second, which is a measure of stream 
velocity.
I next computed the area for each increment across the transect, which was 
accomplished by dividing the transect into five sections across the stream channel. Each
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data collection point had a stream depth value and that value became the length for the 
area calculation (area = length * width). Width was determined by dividing the transect 
evenly into five increments, therefore the width was the same value for each rectangular 
increment in the transect (Figure 5.5).
Discharge was computed by multiplying the velocity by the area calculated at each 
measuring point (area * velocity = discharge). For example:
2.1 ft/sec * 1.2 ft" = 2.5 ft^/sec 
All five discharges computed for each transect were added together to determine a total 
discharge for Lehman Creek at each data collection time, and the units on discharge 
consisted o f cubic feet per second. Appendix 5 lists the daily logs o f all the Swoffer 
counts conducted during fieldwork and the corresponding discharge values.
Sediment Calculations 
There are several stages involved in the determination o f the amount of sediment 
transported in tons/day. First, 1 entered data such as location site, date and time of 
measurement, corresponding discharge, and amount o f sediment transported in grams, in 
a spreadsheet. Sediment transport measurements were conducted in five minute intervals 
across cross-sections at each station site, hence the amount o f sediment transported in one 
day needed to be determined as follows:
(1 day)*(24 hours/day)*(60 minutes/hour) = 1440 minutes/day 
Division o f 1440 minutes/day by the measurement interval resulted in a constant that 
served as a multiplier to determine the amount o f sediment transported in one day (with 
units o f grams). For example:
(1440 minutes)/(5 minutes) =  288 (minutes per day/minutes per interval)
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(288 min. per day/min. per interval)*(3.2 grams/interval) =  921.6 grams/day 
After daily sediment transport was calculated, units were converted into tons/day using a 
different constant:
1 ounce = 28.349 grams 
16 ounces = 1 pound 
2000 pounds = 1 U. S. ton 
Therefore:
(1 oz/28.349 g)*(l pound/16 oz)*( 1 ton/2(XX) pounds) = 907,168 grams/ton 
The constant of 907,168 grams/ton is the conversion factor for changing grams/day to 
tons/day. For example:
(921.6 g/day)*(l ton/907168 g) = 1.02 *10'^ tons/day 
Appendix 2 lists the daily logs o f sediment transport measurements and the amount of 
sediment collected in each sample in grams as well as sediment transport in tons/day and 
sediment transport in kilograms/day.
Sediment Transport Curves 
Discharge values were related to sediment transport values by correlating 
contemporaneous discharge and sediment transport measurements. Sediment transport 
measurements and discharge values were entered into an Excel spreadsheet. Conversion 
from Excel format into a text formatted file allowed analysis for effective discharge in the 
S-Plus computer program.
Modified sediment transport and discharge correlations were also created for each 
station site due to the limits of the scale used for weighing sediment. The scale had a 
lower limit o f 0.1 grams, and consequently produced that same amount for sediment
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weight when samples were very light, which also produced multiple discharge values at 
the lower end o f streamflow. When the sediment transport curves containing the 0.1 
values were used to calculate effective discharge the results produced skewed curves in 
the S-plus program because o f the heavily weighted low end of sediment transport with 
corresponding multiple discharge values. When modified sediment transport curves were 
used for effective discharge calculations the resultant curves were not heavily weighted in 
the low end of sediment transport and produced better relationships between sediment 
transport and discharge (see results section).
Stage/Discharge Plots 
Computed discharge values from Swoffer current velocity measurements were plotted 
against stage values to derive a relationship between discharge and stage. Data entered 
into an Excel spreadsheet consisted of discharge values and stage depth readings along 
with log transformed values for each variable. Table S.l and 5.2 lists the stage readings 
and corresponding calculated discharges derived from the Swoffer current velocity 
measurements for both sites.
To determine corresponding discharge and stage readings, contemporaneous stage 
readings and discharge measurements were plotted in an Excel graph. When plotting the 
data in Excel, the log of each variable was also plotted so that bankfull discharge could 
be estimated for each site along Lehman Creek.
1 also plotted pressure transducer measurements versus discharge calculations in 
Excel. Since pressure transducer data consisted o f hourly averages, the time closest to 
the discharge measurement was used to relate discharge and pressure transducer readings. 
Therefore, the largest time discrepancy that could exist when correlating discharge and
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pressure transducer readings was thirty minutes. This time difference with discharge and 
pressure transducer readings may have produced small errors in correlation because 
pressure transducer readings and discharge measurements did not occur at exactly the 
same time.
Conversion of Pressure Transducer Data into Discharge Values 
I converted pressure transducer readings into discharge values with the help of a 
Visual Basic 6.0 program. Visual Basic is a  programming language that allows the 
development o f programs that can be used for any kind o f analysis. First 1 needed to 
determine the best fit line between four plots: pressure transducer vs. discharge, 
log(pressure transducer) vs. discharge, pressure transducer vs. log(discharge), and 
log(pressure transducer) vs. log(discharge). The best fit line was the pressure transducer 
readings vs. log(discharge). 1 took the data table from the Excel spreadsheet and saved it 
as a text file. 1 used the regression program that 1 created in an Advanced CIS (GEY 
760) class with my classmates to determine the slope and y-intercept o f the equation: 
y = mx + b 
m is the slope 
b is the y-intercept 
X is the pressure reading 
y is the corresponding discharge 
The regression program also produces an R~ value which determines the amount of 
correlation between the x and y variable. 1 ran the regression program for each station 
site to produce values for the m and b variables so discharge values could be determined
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from the pressure transducer data. The data used in the regression analysis along with the 
values produced for each station site are in Tables 5.3 and 5.4.
In order to calculate discharge values corresponding to pressure readings 1 had to 
manipulate the line equation because the log(discharge) was used in the regression 
analysis.
log(Q) = mx + b 
log(Q) = (mP +b)
P is the pressure reading 
m is the slope 
b is the y-intercept
The slope and y-intercept values calculated from regression analysis were put into the 
line equation for computation of corresponding discharge to pressure transducer values. 
Because the study sites are located at approximately 2000 m and 3000 m above sea level, 
some o f the pressure readings were incorrect due to freezing temperatures which stopped 
pressure transducer operation as ice formed around the transducer creating extremely 
high pressure readings.
After calculating discharge values from the pressure transducer readings, 1 constructed 
hydrographs from the discharge data in Excel. Hydrographs represent the rate of flow 
over time. I plotted the discharge data to look for similar events between the two station 
sites so that a percentage for WL-1 o f WL-2 with the discharge values could be 
determined (Figures 5.6 and 5.7).
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S-Plus Analysis
Historic Lehman Creek Data 
Historic discharge data was available for Lehman Creek from the United States 
Geological Survey (USGS) website (USGS Website, 2000). Historic discharge data 
consisted o f thirteen years of average daily discharge values from October 1, 1947 
through September 30, 1955 and October 1, 1992 through September 30, 1997 (along 
with other data such as latitude and longitude of the gage site and contributing area to the 
gage site). The USGS gaging station was in close proximity o f the WL-2 site for the 
Lehman Creek study although it has since been dismantled (Figure 5.8).
Calculating Effective Discharge 
Calculating effective discharge required the use of the S-Plus 4.5 (Mathsoft 
Incorporated, 1998). Before calculations could begin the two historic discharge datasets 
from Lehman Creek were combined and saved as one text-based file and placed in the 
default folder o f  the S-Plus program. Sediment transport fries for both station sites were 
also added to the default folder. The files consisted of discharge values and the amount 
o f sediment transported for each discharge value. When calculating effective discharge 
for both station sites a modified sediment transport curve o f each site was used. The 
modified sediment transport curves (discussed earlier) consisted of sediment transport 
values (along with their corresponding discharge values) greater than 0.1 grams collected 
during field measurements.
The name o f  the program used to calculate effective discharge for the two sites located 
along Lehman Creek was called ^effcum2.s". An example command to run the effective 
discharge program is:
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efTcum2.s ("c;/splusex/streamdata/flowdata.txt”, 
”c:/splusex/streamdata/seddata.txt")
The command is written as one continuous string and the two paths lead to files with (1) 
the historic discharge data from Lehman Creek and (2) the modified sediment transport 
data. After the command is entered for effective discharge computation, the first 
question asked is the number of years o f record for flow data. Lehman Creek contains 
thirteen years of existing flow data (downloaded from the USGS website). The program 
then queries the user for the number of differentiation points. For instance, if 100 points 
are selected for differentiation, the program differentiates the cumulative pdf in 
streamflow at 100 evenly spaced points. Differentiating the cumulative probability 
density function produces the probability density function (pdf), which is the frequency 
distribution in streamflow. The pdf is next multiplied by the sediment transport curve to 
produce the effective sediment transport curve (the maximum peak of which corresponds 
to effective discharge).
The S-plus program calculates effective discharge and produces five graphs. The first 
graph produced is the cumulative probability density function (Figure 5.9) which displays 
the percentage o f flows that occur below each particular flow value in the discharge 
record. For instance, the highest flow in the record occurs at the lowest frequency so the 
percentage of flows that occur below the highest flow is 99%. The next graph produced 
is the probability density function (pdf) which results from differentiating the cumulative 
probability density function (Figure 5.10). This is the frequency distribution of 
streamflow. The third graph produced is the sediment transport curve, which also lists 
the regression constants for the transport equation (Hgure 5.11). The fourth graph
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produced is the effective sediment curve which is the result o f multiplying the probability 
density function and the sediment transport curve (Figure 5.12). The peak of the 
effective sediment transport curve corresponds to the effective discharge for the dataset. 
The last graph produced is the recurrence interval of the effective discharge; this plot lists 
the effective discharge, recurrence interval, and the percent exceedence (the percent of 
time the effective discharge is exceeded) (Figure 5.13).
Calculating Bankfull Discharge
Calculating bankfull discharge required the surveyed cross-sections of the two sites 
along Lehman Creek and the stage reading at the time of surveying. The surveyed cross- 
sections were utilized to measure the water height at the time o f surveying. At each point 
along the cross-section, water depth was measured when the transect went into the stream 
and averaged for a mean water height. Next, bankfull elevation was determined by 
subtracting mean water height from the elevation of the bank edge to calculate a change 
in y value (Figure 5.14). That delta y-value was added to the stage reading at each site to 
compute bankfull stage. For example, if the delta y-value was 0.5 feet and the stage 
reading at the time of surveying was 0.3 feet, the stage reading for bankfull is 0.8 feet. 
The bankfull stage was then used to determine the bankfull discharge by looking at the 
log(stage) vs. log(discharge) plot of each site (Figure 5.15). Resulting bankfull 
discharges are discussed in the Results chapter o f this study.
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WATERSHED MODELING WITH GEOGRAPHIC INFORMATION SYSTEMS (GIS) 
Introduction
I utilized ArcView, a Geographic Information Systems (GIS) computer program, to 
delineate the contributing watersheds for each site located along Lehman Creek.
ArcView calculated the area for each contributing watershed and the area was used to 
compute estimated discharge values for the WL-1 site on Lehman Creek. Statistical 
analysis calculated values for elevation, slope, and aspect which I then compared the 
results between each contributing watershed to determine if a certain characteristic had 
any controls on effective discharge.
Digital Elevation Model (DEM)
Digital Elevation Models (DEM s) are matrices of grid cells with each grid cell value 
corresponding to a mean elevation over the entire cell. For instance, 7.5-minute DEM's 
(1:24,000) are commonly available from the United States Geological Survey (USGS) at 
the Eros Data Center website. 73-m inute DEM 's contain cells that are thirty meters wide 
by thirty meters long, therefore the elevation value corresponding to each cell represents 
the average elevation over the 900 m* area o f  the cell.
48
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
49
DEM 's contain spatially referenced data, which is data that is connected to a  much 
larger database or a real life coordinate system such as Latitude/Longitude or Universal 
Transverse Mercator (UTM). When working with a DEM in ArcView. any data that is 
added to the project becomes incorporated in a database with a set coordinate system.
The data is georeferenced to the underlying DEM.
Four 7.5-minute DEM's encompass Great Basin National Park: Kious Springs, 
Wheeler Peak. Lehman Caves, and Windy Peak (Figure 6.1). 1 downloaded the 
geospatial data as SDTS (standard data transfer system) files from the USGS website and 
converted them into USGS DEM 's that can be used in ArcView 3.2a. To convert the 
digital data to a DEM one needs the Winzip program and the Stds.exe program, which 
converts the spatial data into a DEM. Once the DEM 's are constructed they are imported 
into ArcView as new themes. In order to perform consistent analyses over the four 
DEM's, 1 joined them using the Grid Mosaic extension. After joining the separate 
DEM's to one large DEM, 1 used the neighborhood statistics function to assign values to 
any “no data" cells that existed within the new DEM and to cover the “no data" values on 
the border of the DEM. The neighborhood statistics function averages a number o f 
surrounding cells (defined by the user) and assigns that resulting average to the “no data " 
cell. In order to cover the “no data " cells on the border, fifty-five surrounding cells were 
used during the averaging process (Figure 6.2). Only cells with "no data" values were 
reassigned.
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Hydrologie Modeling
Fill Sinks
For hydrological analysis I used the Hydrologie Modeling (version 1.1) extension in 
ArcView. Filling sinks on the DEM was the first operation performed because 
sometimes DEM 's can contain artificial sinks. Sinks are cells that are lower than all 
surrounding cells and are cells that therefore would not let surface flow through them. 
Stream delineation can be a  problem with a DEM that contains artificial sinks because if 
the stream path passes through a cell that is a sink then the stream path will abruptly end.
1 filled sinks in the DEM using the fill sink function, which uses the surrounding cell 
values around a sink to calculate an average and assign that average to the sink. The 
average value assigned to the sink raises the elevation of the cell to produce a continuous 
flow path. The filled DEM looks very much like the original DEM except any sinks that 
existed in the DEM are now filled.
Flow Direction
After filling sinks in the DEM, the next task was determining flow direction. This 
analysis defines the steepest downhill path in each cell. This analysis produces a grid 
indicating the azimuth direction o f water movement (0°-360®) (Figure 6.3).
Flow Accumulation and Stream Delineation
The flow accumulation analysis produces a grid wherein each cell value represents the 
number o f upstream contributing cells. The user may then query the computer (using a 
threshold value) to delineate stream networks. The map query produced a grid with 
delineated streams (Figure 6.4). 1 placed the delineated stream grid on top o f the DEM 
to indicate where stream channels crossed topography (Hgure 6 3 ).
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Comparison Between DEM and 7.5-Minute USGS Topographic Map 
I compared the delineated streams on the DEM to the 7.5-minute USGS topographic 
map to see if the streams on the DEM matched streams on the topographic map. An 
interesting observation resulted; the main channel that drains Lehman Cirque and the 
rock glacier does not appear on the topographic map. This feature does exist because 1 
observed the channel where it joins with Lehman Creek, a junction that is located 
approximately 100 meters downstream of the WL-1 station site.
Adding Global Positioning Systems (GPS) Data for Site Locations on Stream 
Global Positioning Systems (GPS) locations for the two station sites on Lehman Creek 
were collected on June 5, 2000 during summer fieldwork. 1 obtained the data with a 
Magellan GPS 350 handheld uniL The data obtained consisted of latitude, longitude, and 
elevation for each site. The point measured for the WL-1 site was at the right end of the 
cross-section and for the WL-2 site at the left end of the cross-section.
In order to bring the GPS data into ArcView so that the station sites could be overlain 
on the DEM, 1 first converted latitude/longitude coordinates into UTM coordinates (UTM 
coordinates can be obtained with a GPS, however Latitude/Longitude coordinates were 
collected during fieldwork). Converting the coordinates into UTM values required 
finding a UTM/Latitude-Longitude converter on the internet (Taylor, 2000). After 
conversion into UTM coordinates, 1 created a simple text file with four columns (ID, 
Easting, Northing, and Elevation) and imported the file as a tab delimited table into 
ArcView (Table 6.1). I added the table as a new event theme into the working view that 
contained the Great Basin National Park DEM. Due to the inherent errors, the UTM 
coordinates placed the two station sites a  few grid cells off o f the stream (an error less
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than 90 meters). The station sites needed to be directly on the stream in order to perform 
contributing watershed analysis, therefore, a new point theme was created. I placed the 
station sites directly on Lehman Creek (Figure 6.6). The grid cell identified as the station 
location for each site was the grid cell on the stream that was closest to the field location 
measurement.
Watershed Delineation 
After entering station sites, the contributing watersheds to those two sites could be 
delineated. Delineating contributing watersheds involved writing a script in ArcView 
that utilized the flow direction grid and a source grid. Flow direction was derived in an 
earlier analysis (see flow direction section earlier in this chapter). The source grid was 
the new point theme that was created when entering the two station sites. Before the 
contributing watersheds could be delineated, the point theme (in vector format) o f the 
station sites had to be converted to a grid. The watershed script determines how many 
grid cells contribute water to the particular grid cell (source) under analysis. After 
writing the script (Figure 6.7,1 ran it in ArcView to delineate the contributing watershed 
for each station site. ArcView determined which cells contribute water to each station 
site and created a new theme that showed the areas o f contributing watersheds (Figure 
6 .8).
Zonal Statistics (Comparison o f  the Two Watersheds)
Drainage Area
Determining the drainage area for each watershed required simple math. Each grid 
cell in the Great Basin National Park DEM consisted of a length and width o f thirty by
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thirty meters, with an area o f 900 m~. I determined the number o f grid cells for each 
contributing watershed by looking in the legend editor of the watershed grid. The legend 
editor contains the values for each watershed and the number o f grid cells in each 
contributing watershed. I multiplied the number of grid cells by 900 m~. which produced 
the area of the watershed in square meters (Table 6.2).
Relief (Elevation), Slope, Slope Aspect 
I used the Zonal Statistics function to calculate the arithmetic mean elevation, slope, 
and aspect for each watershed. I reclassified the watershed grid so that the two 
watersheds were on separate map layers. Elevation was the first characteristic considered 
for each watershed; analysis produced statistics such as maximum and minimum 
elevation, range in elevation, and the arithmetic mean elevation value for each watershed 
(Table 6.3) (Discussed in Results chapter of this study).
The next characteristic analyzed for each watershed was slope (Figure 6.9). Zonal 
Statistical analysis produced values for maximum and minimum slope for each 
watershed, range in slope over each watershed, and the arithmetic mean slope value in 
each watershed (Table 6.4).
The final characteristic analyzed using the Zonal Statistics function was slope aspect 
(Figure 6.10). Slope aspect represents the direction that each slope is facing. Horizontal 
slopes (0°) face upward. When ArcView finds horizontal slopes using the Zonal 
Statistics function, the computer assigns a value o f -1. Any slope greater than 0° is 
assigned an azimuth value between 0° and 360°. Statistics produced after analysis o f 
slope aspect are the maximum and minimum azimuth direction for each watershed, the
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range in slope aspect, and the arithmetic mean slope aspect value (Table 6.5) which gives 
the overall facing direction for the watershed.
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RESULTS
Surveying
Cross-Sections
Detailed surveying of cross-sections (measuring every six inches across the transect) 
was conducted twice for each station site to determine if the stream channel changed 
shape over the course of this study. I and a fellow graduate student. Andy Jones, first 
surveyed the WL-1 site on June 5, 2000 (Figure 7.1). On August 20. 2001.1 surveyed the 
WL-1 site with my advisor. Richard Omdorff (Figure 7.2). The WL-2 site was initially 
surveyed (surveying point every foot across the transect) on October 10. 1999 (Figure 
7.3) with the help o f  Richard Omdorff and Andy Jones and then surveyed in detail 
(surveying point every six inches across the transect) on June 5. 2000 (Figure 7.4) and 
March 22, 2001 (Figure 7.5).
When comparing the two cross-sections for the WL-1 site (Figures 7.1 and 7.2), one 
can see that both transects follow the same general trend; however, there is one 
noticeable difference. At the starting point, 0 meters, both transects slope down and then 
the first transect has a topographic rise in it at the 0.46 m surveying point. This 
topographic rise in the first transect could be due to debris because there are many fallen
55
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
56
trees and piles o f bark, and pine needles scattered on the ground. Also, individual 
surveyors may not have placed the stadia rod in exactly the same point (one may have 
placed it on a rock, the other person next to it). After the first topographic rise at 0.46 m 
in the June 2000 cross-section, both cross-sections have the same shape along the banks 
and stream channel. This indicates that the channel at this station site did not change 
shape in the course of the study.
When comparing both detailed cross-sections of the WL-2 site (Figures 7.4 and 7.5). 
one sees that they follow the same trend, sloping down to the channel with a change in 
slope at the 2.29 m surveying point. The channel bottom is the same except for a more 
rounded bump at 3.81 m in the June 2000 cross-section. This difference may be the 
result o f surveyors not placing the stadia rod in exactly the same place; the rod may be on 
the edge of a rock in the June 2000 cross-section and next to it in the March 20001 cross- 
section. When the initial cross-section (Figure 7.3) is compared to the two detailed cross- 
sections. it displays the same general shape as the detailed cross-sections; hence the 
stream channel did not change shape over the study.
Longitudinal Profiles
Longitudinal profiles were surveyed at both sites on June 7. 2000 (Figures 7.6 and 7.7) 
to estimate stream gradient for each station. Both profiles display an immature step-pool 
morphology, which means there is an area of low or horizontal slope (“pool”) followed 
by a steeper change in slope (“step”) to the next “pool” . Step-pool morphologies are 
characteristic o f youthful streams in alpine settings.
The gradient calculated from the longitudinal profile o f the WL-1 site is: 
gradient WL-1 = Aelevation/Ax = (31.89 m -  27.18 m) /  32.77 m
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gradient WL-1 =  0.14 
A ratio o f 0.14 means that for every meter traveled horizontally at the WL-1 site, 
elevation changes 0.14 m. Conversion o f the gradient from a ratio to meters/kilometer 
yields the following value:
(32.77 m) * (1 kilometer/KXX) m) = 0.03277 kilometers 
gradient WL-1 = (31.89 m -  27.18 m) / 0.03277 kilometers 
gradient WL-1 = 143.73 m/kilometer 
Stream gradient computed from the longitudinal profile o f the WL-2 site is: 
gradient WL-2 = Aelevation/Ax = (30.71 m -  28.28 m)/ 39.27 m 
gradient WL-2 = 0.06 
A ratio o f 0.06 indicates that for every meter traveled horizontally at the WL-1 site, 
elevation changes 0.06 m. Conversion of the gradient from a ratio to meters/kilometer 
yields:
(39.27 m) * (1 kilometer/KXX) m) = 0.03927 kilometers 
gradient WL-2 = (30.71 m — 28.28 m) /  0.03927 kilometers 
gradient WL-2 = 61.88 m/kilometers 
A difference 81.85 m/kilometer exists between the stream gradients of the two station 
sites. The WL-1 site (Figure 7.6) is steeper than the WL-2 site (Figure 7.7). which is 
understandable because the WL-1 site is located higher in the mountain range; it lies 
approximately 3000 m in elevation vs. 2000 m for the WL-2 site. Since stream profiles 
are concave upward (Leopold, 1994). gradients decrease from the headwaters to the 
mouth.
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Discharge and Sediment Transport Results
Swoffer Current Velocity Meter 
Swoffer velocity measurements for each site are listed in Appendix 5. Maximum 
discharges measured are 0.673 mVs for the WL-2 site and 0.206 m^/s for the W L-1 site, 
and these maximum values occurred in the month of June, a high flow month due to 
snow and ice melt. The next highest flow recorded for the WL-2 site is 0.434 m^/s, 
which occurred on the day after the 0.673 mVs reading. There was no storm or drastic 
change in temperature that occurred in those two days, and the June 2000 discharges 
range between 0.361 mVs and 0.434 mVs with the exception o f the single 0.673 mVs 
value. Therefore, the 0.673 mVs value may be an error perhaps because the instrument 
was placed directly under water flowing over a rock (small waterfalls such as that do 
exist in the channel) instead of the proper position in the creek (40% depth from the 
bottom of the stream channel) or due to instrument settings.
Minimum discharge values recorded were 0.014 mVs for the WL-1 site (October, 
1999) and 0.066 mVs for the WL-2 site (March, 2000). These low discharges occurred 
during fall and early spring (low flow seasons). Due to snow and inaccessible conditions, 
no measurements were taken during the late fall and winter months. Average measured 
discharges are 0.091 mVs for the WL-1 site and 1.99 m^/s for the WL-2 site. Maximum, 
minimum, and average values are summarized in Table 7.1.
Each time velocity was measured in the stream I also read the stage so that it could be 
directly correlated to the calculated discharge value. The logarithm o f stage and 
discharge (Q) were calculated and plotted in Excel so that an estimated bankfull
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discharge could be determined for each site according to the method of Dingman ( 1994) 
and McCuen (1998).
Helley-Smith Sediment Transport Measurements 
Appendix 2 contains sediment transport rates measured during field study. Sediment 
transport curves were constructed to relate transport rates to stream discharge (Figure 
7.8). The exponential relationship for sediment transport for each site is;
W L-lm  = 0.0000167 * r  = 0.465 
WL-2m = 0.0000249 * r  ^= 0.174 
The WL-1 curve is steeper than the WL-2 curve, indicating greater sediment transport at 
equal discharges (Figure 7.9). Discharge values at WL-1 are lower than WL-2 however, 
due to its smaller upstream watershed.
The r^ values (coefficient of determination) for the sediment transport curves are low 
for each site along Lehman Creek. When comparing the Lehman Creek values to other 
published studies (for example, Whiting et al., 1999 and Batalla and Sala, 1995), one 
notices that r  ^values are generally poor for the sediment transport measurements (most 
published studies do not list r^ values for sediment rating curves). In the Whiting et al. 
(1999) study, out of 12 sediment transport rating curves with over one hundred sediment 
transport measurements each, the best r  ^value was 0.67; Batalla and Sala (1995) list an 
sediment transport rating curve if value o f 0.47. This is just the nature o f measuring 
sediment transport in streams; due to the episodic pattern o f bedload transport, it is hard 
to measure sediment accurately over the relatively short collection periods. The methods 
are somewhat archaic (essentially holding a small rectangular box on the streambed) and
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thus produce poor correlation coefficients. The Lehman Creek study r  ^values are 
appropriate when compared to similar studies.
Painted Rocks
Painted rocks for the WL-1 site that were still in their original position from the upper 
cross-section (2.44 m downstream from the right cross-section marker) as o f August 20. 
2001 were A-25, A-11, A-5, A-4, A-8, and A-20 (Figure 7.10). Rocks that moved from 
the original cross-section throughout the study were A-9, A-2, and A-22 (rock number A- 
19 was missing). Rocks that did not move in the lower cross-section (9.46 m 
downstream from the right cross-section mark) as o f August 20, 2001 were A-6, A-1, A- 
17, A -14, A-10, A-21, and A-16 (Figure 7.10). On August 3, 2000 I noticed that four 
rocks were missing from the lower cross-section (A -13, A-23, A -12, and A-16). I 
searched the stream from approximately ISO m downstream of the cross-section starting 
from a deep pool (about 1.22 m deep) and did not find the rocks. However, on August 5,
2000 I found one o f the missing rocks, A-16, sitting out o f stream on the bank upstream 
from the cross-section. Obviously, the rock had been tampered with because it is not 
possible for a rock to move upstream and out o f the water. The other three missing rocks 
(A -13, A-23, and A -12) were never found. The tampering occurred between July 12,
2001 and August 3, 2001.
At the WL-2 site, all o f the rocks were present in the upper cross-section (3.36 m 
downstream from the left cross-section edge) on August 6,2000; however, one rock was 
missing on March 22, 2001. Some paint had come off each of the rocks, therefore it was 
hard to identify which rock was missing. The same thing occurred in the lower cross-
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section (4.88 m downstream from the left cross-section edge). All o f the rocks in the 
lower cross-section were present on July 7, 2000 except for B-15, which traveled 
approximately 3.66 m downstream. All o f the rocks were in the same position on August 
6, 2000; however, on March 22, 2001 two of the rocks were missing from the lower 
cross-section. It was hard to identity which rocks were missing because at this time much 
o f the paint had worn off the rocks. On August 20, 2001 1 only noticed three rocks of the 
twenty rocks placed in the two cross-sections. The rocks I found had minimal paint on 
them and most likely, the paint had worn completely off o f the other rocks.
Zonal Statistics in GIS
I used zonal statistics in ArcView to compute watershed area, relief, slope, and aspect 
for the contributing watershed to each station site. Contributing watershed area for the 
WL-1 site was 4.6 km" and 23.3 km" for the WL-2 site. The WL-1 watershed is located 
higher in the mountain range than WL-2, and it represents a fraction o f the larger 
downstream WL-2 watershed.
I calculated a mean elevation o f 3238 meters for the WL-1 watershed and 2957 meters 
for the WL-2 watershed. The WL-1 watershed has a higher mean elevation than WL-2 
because it is located higher on the eastern flank of the southern Snake Range. The WL-2 
watershed extends down onto alluvial flats near the base o f the mountain range; therefore, 
it has a  lower mean elevation and a greater range in elevation than with the WL-1 
watershed.
I calculated a mean slope of 19.6° for the WL-1 watershed and 21.3° for the WL-2 
watershed. The WL-2 watershed has a higher mean slope than WL-1 because the WL-2
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
62
watershed contains the high cirque walls of Lehman Cirque, and WL-1 does not. Even 
though the WL-2 watershed extends into lower elevations, with less steeply sloping 
landforms, the steep slopes of the cirque still produce a higher mean slope for the WL-2 
watershed than WL-1.
I computed a mean aspect (facing direction) o f 134° for both the WL-1 and WL-2 
watersheds. A mean aspect of 134° indicates that in general the slopes o f both 
watersheds face to the southeast. This makes sense because the Lehman Creek watershed 
is on the east side o f the southern Snake Range, and the creek flows from the high peaks 
in the west to the Snake Valley in the east where it becomes an ephemeral stream.
Hydrographs
I constructed hydrographs from the calculated discharge values as a result of the 
pressure transducer readings (refer to Lab Analysis chapter). 1 looked for similar patterns 
in the plotted discharge values calculated from pressure transducer readings for the time 
period o f June 1. 2000 to August 8. 2000. When examining the hydrograph (Figure 
7.11), 1 noticed a similar pattern between the two sites. WL-1 discharge starts off at 56% 
of WL-2 discharge and decreases rapidly until June 5, 2000 (five days later) WL-1 is 
30% o f WL-2. At the beginning of July, WL-1 decreases to approximately 20% of WL-2 
for the rest o f the period. WL-1 is in the high 20% range at the beginning o f  July, hits the 
mid-20% range in mid-July, and lower 20% range at the end July. I calculated the ratio 
o f the area o f the WL-1 watershed to the area o f the watershed o f WL-2 to be 19.74%
(see next section). This fraction is similar to the hydrograph percentages beginning 
around mid-July. The higher percentages at the beginning o f the summer for WL-1 are
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probably the result of increased snowmelt. WL-1 is located at a much higher elevation 
than WL-2 (a difference of 1000 meters), hence temperatures are colder at WL-1 and 
because of this temperature difference, snow lasts longer there than at lower elevations 
near WL-2. WL-1 receives greater snowmelt in its smaller watershed than WL-2 does 
later into the summer and also contains a steeper stream gradient than WL-2. These two 
factors increase late winter and early spring discharge at WL-1, which accounts for the 
higher percentage seen in Hgure 7.11.
Effective Discharge
I used the S-Plus computer program (Omdorff and Whiting, 1999) to calculate 
effective discharge for the WL-1 and WL-2 sites using the binning and differentiation 
methods and the modified and unmodified sediment transport curves for each site. For 
each method I varied the number of bins and differentiation points from 10 to 100 by 
intervals of 10 then from 100 to 1000 by intervals of 100. 1 calculated effective discharge 
for the WL-1 site with estimated historic discharges from the USGS data. I used the 
watershed areas calculated in ArcView (4.6 km" for WL-1 and 23.3 km" for WL-2) to 
determine a size ratio for WL-1 to WL-2. This ratio was 19.74%, which was used to 
estimate discharge values for WL-1 from the historic data. The resulting discharges were 
applied to the S-plus computer program to calculate effective discharge for WL-1. 
Varying the niunber o f bins from 10-100 and using the unmodified sediment transport 
curve resulted in a range of effective discharge values from 0.013 -  0.107 mVs. 
Calculating the effective discharge using 100-1000 bins produced values o f 0.60-0.671 
mVs (Hgure 7.12). The binning method seems unstable because the effective discharge
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values change considerably with small changes in bin numbers between 10 and 100. The 
method stabilizes between 100 and 1000 bins for e lective  discharge calculations.
Effective discharge values using the differentiation method and the unmodiHed 
sediment transport curve for the WL-1 site resulted in a range o f 0.055-0.068 m^/s 
utilizing 10-100 points and 0.055-0.063 mVs utilizing 100-1000 points (Figure 7.13).
The differentiation method proved more consistent than the binning method because it 
produced very similar effective discharge values for the entire range o f  10 to 1000 points.
The modified sediment transport curve and the binning method for the WL-1 site 
produced a range o f effective discharges from 0.061-0.114 mVs for 10-100 bins and 
0.061-0.062 mVs for 100-1000 bins (Figure 7.14). The larger bin numbers produced 
more consistent results over a smaller range of effective discharge estimates than did the 
smaller bin numbers.
Utilizing the modified sediment transport curve for the WL-1 site resulted in a range 
of 0.078-0.088 m^/s for effective discharge with 10-100 differentiation points and a range 
o f 0.081-0.083 m^/s with 100-1000 points (Figure 7.15). Both sets of differentiation 
points produced a small range o f values, hence the method is more consistent and stable 
than using the binning method (even though utilizing 100-lCKX) bins produced the 
smallest range o f effective discharges). On the whole, the differentiation method proved 
more consistent than the binning method; the graphs produced using 100 differentiation 
points for computing effective discharge in the S-Plus computer program are shown in 
Rgure 7.16.
When I calculated the effective discharge for the WL-2 site using the unmodified 
sediment transport curve with the binning method a range o f 0.347 -0.521 mVs resulted
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with 10-100 bins and a range o f 0.392- 0.399 cfs resulted for 100-1000 bins (Figure 
7.17). The calculations were more stable utilizing 100-1000 bins rather than 10-100 bins.
With the differentiating method and the unmodiOed sediment transport curve for the 
WL-2 site, effective discharge values ranged between 0.325-0.448 mVs using 10-100 
differentiating points and 0.277-0.403 mVs using 100-1000 points (Figure 7.18). Of the 
four different computations using the unmodified sediment transport curve for effective 
discharge, the binning method using 100-1000 bins produced the most stable range for 
effective discharge (0.392-0.399 mVs).
With the binning method utilizing 10-100 bins and the modified sediment transport 
curve for the WL-2 site, a range in effective discharge of 0.052-0.174 mVs resulted.
When I used 100-1000 bins more stable effective discharge values resulted. At 100 bins, 
the effective discharge was computed at 0.052 mVs and then from 200-1000 bins the 
effective discharge remained almost constant at 0.308 mVs (0.308-0.325 mVs) (Figure 
7.19).
With the differentiation method at the WL-2 site using the modiAed sediment 
transport curve and 10-100 differentiation points, a range in effective discharge of 0.147- 
0.344 mVs resulted. This is a wider range o f discharges than with the binning method 
(0.052-0.174 mVs with 10-100 bins). When I utilized 100-1000 differentiation points a 
range o f 0.278-0.319 mVs was computed for the effective discharge (Figure 7.20), which 
is more stable range. These values are within the range of measured values at WL-2. For 
instance, a discharge o f 0.434 m^/s moved 3.3 grams (1.05*10*^ tons/day) of sediment in 
fîve minutes (according to field measurements) and a discharge o f 0.361 mVs moved 34.1 
grams (1.08*10 " tons/day) o f sediment in five minutes.
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The method that proved the most stable for calculating effective discharge for the WL- 
2 site was the binning method utilizing 100-1000 bins (0.392-0.399 mVs) with the 
unmodified sediment transport curve. Also, the differentiation method using 100-1 OCX) 
points with the modified sediment transport curve produced a stable range of 0.278-0.319 
mVs. The graphs produced in the S-Plus computer program utilizing 1(X) differentiation 
points are shown in Figure 7.21.
Bankfull Discharge
I estimated bankfull discharge using the log(stage) vs. log(discharge) plot because that 
is the p'-eferred method o f relating water level to flow volume according to Dingman 
( 1994) and McCuen ( 1998). Using the log plot a bankfull discharge o f 2.496 m^/s was 
estimated for the WL-1 site (Figure 7.22). Obviously, effective and bankfull discharges 
are not equivalent at the site, which may be due to the young stream system and a 
geologically active mountain range.
I estimated bankfull discharge for WL-2 using the log(stage) vs. log(discharge) plot 
and determined a discharge of 2.224 mVs (Figure 7.23). This is an extremely high 
discharge for WL-2 because in the thirteen years of historic record, no measured 
discharge reached 2.24 m^/s (Figure 7.24). I also estimated the bankfull discharge for 
WL-2 without the possibly erroneous discharge value (0.673 mVs) in the log(stage) vs. 
log(discharge) plot (see effective discharge section) and determined a discharge of 1.469 
mVs (Figure 7.25). This is a more reasonable bankfull discharge because discharges 
exceeding 1.4 m^/s can be seen in historic discharge data (Figure 7.24). Such a drastic 
difference between effective and bankfull discharges may be due to active uplift in the
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southern Snake Range or Quaternary glaciation. The Lehman Creek system may not 
have been stable long enough to achieve a state o f  dynamic equilibrium.
Comparison of Effective and Bankfull Discharges with Published Studies
1 compared the estimated effective and bankfull discharges with studies that looked at 
both discharges in similar alpine fluvial systems. The three following studies compared 
effective and bankfull discharges of several such streams; I choose streams similar to 
Lehman Creek. I only compared streams to Lehman Creek that had a drainage area less 
than 100 km" because of the size of the two watersheds, WL-1 (4.6 km") and WL-2 (23.3 
km"). Drainage area, effective discharge, bankfull discharge, slope ratio, and 
bankfiill/effective ratio for each site are listed in Table 7.2, which are the numbers that 
form the basis for my comparison.
Andrews (1980) studied effective and bankfull discharges of several streams in 
northwest Colorado and southeast Wyoming. I compared Lehman Creek to the streams 
listed in Table 7.3. The WL-2 site has a similar effective discharge (0.4003 mVs) to 
Wilson Creek near Axial (0.481 mVs) and Good Springs near Axial (0.312 mVs); 
however, Andrews (1980) drainage areas are considerably larger (51.8 km" and 90.5 km") 
than WL-2 (23.3 km"). The other two streams have effective discharges o f 17.3 mVs 
(54.5 km") and 1.42 mVs (67.4 km"), so the effective discharge o f the WL-2 site does not 
seem unusual when compared to these streams because there is no apparent relationship 
between drainage size and discharge. WL-1 has an even smaller effective discharge 
(0.0828 mVs), and smaller drainage area (4.6 km^); however, bankfull discharge is almost
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equivalent to the effective discharge o f streams in the Andrews (1980) study. WL-1 and 
WL-2 both have much different bankfull discharges than effective discharges (Table 7.3).
Whiting et al. (1999) studied effective and bankfull discharges on 23 streams in Idaho, 
and I compared Lehman Creek to twelve o f the streams listed in Table 7.4. All o f the 
streams have effective and bankfull discharges greater than 1 mVs except for Eggers 
Creek (0.0170 mVs. drainage area 1.29 km"). Little Buckhora Creek (0.708 m^/s, 
drainage area 15.5 km"), and Squaw Creek (0.365 mVs. drainage area 37.0 km"). 
Considering the variety in discharges and drainage areas (Table 7.4), the effective 
discharges calculated for the two sites along Lehman Creek do not seem illogical.
Whiting et al. (1999), however, determined that effective and bankfull discharges were 
approximately equivalent, and that is not the case with the two sites in this study.
Andrews and Nankervis (1995) studied effective and bankfull discharges of several 
streams in Colorado, and I compared Lehman Creek to the streams listed in Table 7.5. 
Once again, effective discharges determined for Lehman Creek do not seem unusual 
because of the varying effective discharges and drainage basin sizes for streams in the 
Colorado study. However, bankfull discharge is nearly equivalent to effective discharge 
for streams in the Andrews and Nankervis (1995) study (Table 7.5), which is not the case 
for the Lehman Creek study. The effective discharges seem reasonable for Lehman 
Creek, but not the bankfull discharges because they are very high (Table 7.2) compared 
to the thirteen year record of have never been recorded o f streamflow (Figure 7.24).
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BankfiiU/Effective Discharge Ratio
Lehman Creek
I calculated the bankfiill/effective discharge ratio for WL-1 and WL-2 by dividing the 
bankfull discharge determined for each site by the corresponding effective discharge.
The bankfiill/effective discharge ratio for WL-1 is 30.49. This is an extremely high ratio 
because o f the large discharge calculated for bankfiill (2.52 mVs) vs. the small effective 
discharge (0.08 mVs). I calculated a bankfiill/effective ratio for WL-2 of 5.62 (with the 
suspect discharge value) and 3.71 (without the possibly erroneous discharge value)
(Table 7.2).
Lehman Creek Compared to Other Studies 
The WL-2 bankfiill/effective ratio is similar to ratios calculated in the Whiting et al.
( 1999) study (Table 7.4). Eggers Creek in the Whiting et al. ( 1999) study has a 
watershed area o f 1.29 km" with a slope ratio o f 0.0747 and a bankfiill/effective ratio o f 
2.8 L which is similar to the WL-2 site except for watershed area (Table 7.2). Trapper 
Creek has an area o f 20.7 km", a slope ratio o f 0.0320, and a bankfull/effective ratio of 
2.42, which is also similar to the WL-2 site. With the Whiting et al. ( 1999) study, one 
notices a general increase in bankfiill/effective ratio with decreasing watershed area 
(Table 7.4), and this also holds true with the Lehman Creek study (Table 7.2). Even 
though the WL-1 site has a much larger bankfiill/effective ratio, the watershed is located 
at a high elevation and is considered a headwater watershed, which according to Whiting 
et al. (1999) produces high slopes and larger clasts in the stream. A high slope and high 
elevation may increase downcutting in the channel, which may cause disequilibrium 
between effective and bankfiill discharges. The effective discharge may not have enough
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time to shape the channel to bankfull discharge; the stream is downcutting at a faster rate 
than processes that might act to stabilize the channel. The channel is constantly changing 
creating very high banks, which in turn may cause the bankfull/effective ratio to increase.
In the Andrews (1980) study (Table 7.3), with the exception of Elkhead Creek, all of 
the bankfull/effective ratios are near a value of 1 with increasing drainage area. In the 
Andrews and Nankervis (1995) study (Table 7.5), the bankfull/effective ratios are near 1; 
however, three of the nine streams have calculated effective discharges larger than 
bankfull discharges. This seems unusual because once bankfull is surpassed the stream 
exits onto the floodplain and no longer acts as solely a channel process.
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CHAPTERS
CONCLUSIONS
Lehman Creek
The goal of this project was to estimate effective discharge for two sites along 
Lehman Creek (an alpine watershed in Great Basin National Park. Nevada), compare 
watershed characteristics to determine if there are any factors controlling effective 
discharge, and determine bankfull discharge for each station site. Effective discharge for 
the WL-1 site, which sits at 2951.4 meters above sea level, is approximately 0.083 mVs 
and for the WL-2 site, at 2019.6 meters above sea level, is approximately 0.400 mVs 
range. Estimated bankfull discharges are 2.52 mVs for WL-1. 2.25 mVs for WL-2. and 
1.48 mVs for WL-2 without the highest discharge value in the log plot. The 
bankfull/effective discharge ratio is 30.49 for WL-1. 5.62 for WL-2. and 3.71 for WL2 
without the highest discharge in the log plot.
Comparison of Bankfull/Effective Discharge Ratios with Whiting et al. (1999)
Bankfull/effective discharge ratios for Lehman Creek were compared in detail to the 
Whiting et al. (1999) study because o f similar alpine systems, multiple watersheds with 
drainage areas under 100 km", and published stream gradient measurements. The
71
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bankfull/effective discharge ratio (b/e ratio) can be compared to both watershed area and 
gradient to look for possible relationships. The b/e ratio versus watershed size is shown 
in Figure 8.1. The WL-2 site fits the general trend (with or without the possible 
erroneous discharge value) observed in the Idaho streams. The WL-1 b/e ratio is not 
consistent with the Idaho streams; for streams in this study the b/e ratio increases with 
decreasing watershed area. The same is true when comparing b/e ratios with longitudinal 
slope (Figure 8.2); the b/e ratio increases with increasing gradient. The WL-2 b/e ratios 
are consistent with the Idaho streams, while the WL-1 ratio is not.
Possibilities for Inconsistencies with B/E Ratio for the WL-1 Site
The stream gradient for WL-1 is greater by at least a factor o f 2 than any of the 
streams in the Whiting et al. (1999) study. Perhaps this is a real trend in the relationship 
between b/e ratio and gradient. There is no data in Figure 8.2 for the range in slope 
between 0.08 and 0.14, so the possibility exists that the two variables have an exponential 
correlation.
The exceptionally steep slope for WL-1 may indicate active downcutting as a response 
to uplift o f the Snake Range in the Basin and Range province. Active downcutting leads 
to overdeepening o f stream channels, which produces not to a true bankfull depth but an 
apparent bankfull depth. The stream system is not in dynamic equilibrium but is in 
disequilibrium. WL-1 also sits at the crest o f the mountain range, which is the zone of 
most severe erosion and greatest degradation. Pickup and W arner ( 1976) stated in their 
study on bankfull and effective discharge that the two flows were not the same and one 
possibility may be due to channel cutting, which causes high bankfull discharges.
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Another possibility for the large b/e ratio for WL-1 is that the entire watershed sits 
upon glacial debris, which is primarily very large clasts of quartzite. Quartzite is a very 
resistant rock and Lehman Creek is not an extremely powerful stream. Lehman Creek 
has difficulty transporting the available material and shaping its own stream channel in 
the quartzite. WL-1 may be in disequilibrium due to the antecedent process o f glaciation 
that left a landscape into which the stream has had difficulty establishing itself. More 
time is needed to see adjustments of stream banks to available water and sediment at the 
WL-1 location. With time, more weathering produces smaller clasts, thus allowing the 
stream to move more sediment and shape the channel. As a result o f increased 
weathering, gradient decreases which then lessens energy for downcutting, hence 
approaching a state of dynamic equilibrium. If the plot o f b/e ratio versus slope for the 
Idaho streams represents a true trend, over time W L-l's b/e ratio should decrease. 
Furthermore, WL-2 lies on an alluvial flat below the moraine and outwash features hrom 
the last glacial maximum; therefore, it is easier for the creek to shape its channel at this 
site. Also, WL-2 has a larger watershed, which leads to high discharges and sediment 
transport.
Finally, although we estimated flow at WL-1 to be approximately 20% of the flow at 
WL-2 during the period o f record, the timing o f flow between the two sites on Lehman 
Creek is actually differenL WL-2 receives snow and icemelt throughout the whole year 
(one reason is that Lehman Cirque is located in the WL-2 watershed); WL-1 does not 
receive consistent flow. As a result, a greater decrease in mid-sununer through late 
winter flow is seen in WL-1 than WL-2 (see hydrograph section o f Results Chapter). A 
complete record from the pressure transducers over the period o f study (two years) is
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lacking due to the inability o f the transducers to function at very low temperatures. The 
existing record demonstrates that in mid-winter the flow at WL-1 appears to be zero. In 
the spring the flow at WL-1 constitutes roughly 50% of the flow at WL-2. decreases to 
20% by mid-summer, and continues to fall through the autunm months. This variability 
influences the estimated effective discharge value. Seasonal variability at W L-1 
increases the frequency o f low discharge events and increases the frequency of high 
discharge events, which forces the peak of the discharge pdf to lower flow rates. 
Multiplying the pdf by the sediment transport rating curve produces an effective sediment 
transport curve with a peak at a higher flow value due to the increase in frequency of high 
discharge events, which is the estimated effective discharge. A higher effective discharge 
leads to a smaller bankfull/effective discharge ratio, which may approach the values seen 
in the Whiting et al. (1999) study.
Future Work
Future work for Lehman Creek involves obtaining pressure transducers that can 
operate under freezing conditions. The pressure transducers used in this study were 
suppose to be able to handle extreme conditions, however they did not perform too well. 
When temperatures became too cold, ice formed around the pressure transducers, which 
caused increased pressure and extreme readings in the downloaded data. Also, adding 
more station sites and pressure transducers will aid in determining a more accurate 
relationship for bankfull and effective discharges along Lehman Creek.
More extensive lab work can be conducted by obtaining higher resolution digital data 
that can be used in Arc View and gathering better climate data. A weather station does
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
75
exist and is in operation near the Great Basin National Park Visitor’s Center. Another 
weather station does exist on Bald Mountain and has worked in the past, however the 
data was radio transmitted to a modem near the visitor’s center and sent to some 
unknown destination (Roberts, personal communication). If the data can be obtained 
from both sites, then that will allow for better analysis because one weather station is 
located at 3000 meters above sea level (Bald Mountain) and the other at 2000 meters 
above sea level. A better relationship for precipitation can be derived for both 
watersheds based on the difference in elevation. Hydrographs can be constructed from 
complete discharge data calculated from the pressure transducer readings and peaks in the 
hydrographs can be correlated to precipitation events. Then the precipitation events that 
produce the effective discharge can be determined. By utilizing ArcView and the 
hydrographs, a volume o f precipitation that directly relates to discharge for each 
watershed can be determined. This can aid in the determination o f the balance between 
runoff and infiltration.
This study on effective and bankfull discharge can be extended to other alpine fluvial 
systems within Great Basin National Park (such as Baker Creek and Snake Creek) to gain 
an overview on fluvial systems and their response to continued uplift in the southern 
Snake Range. Lehman Creek is an ideal study site because o f its location in a national 
park which greatly reduces human disturbance and because Lehman Creek is similar to 
other alpine watersheds throughout Nevada because o f its placement in the Basin and 
Range province. Ultimately, all of the suggested future work can be used to create better 
sediment transport models to aid in responsible water use for towns that rely on alpine 
watersheds to meet their water needs.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
76
117“ 114“
Oregon Idaho
—42'
Nevada Utah
Great Basin National Park
37“
California Arizona
I  I  Basin and Range Province
Figure I. la. Location o f Great Basin National Park within Nevada and the Basin 
and Range physiographic province.
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Figure 1. lb. Location o f Great Basin National Park within Nevada and the Great 
Basin physiographic province.
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Figure 1.1c. Great Basin National Paric and Lehman Creek (modified from the 
National Park Service, U.S. Department o f the Interior, 1999).
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Figure 1.2. Regional Digital Elevation Model (DEM) o f  Nevada showing the 
topography o f  the Basin and Range Province along with the location o f  the Snake 
Range (modified fi*om Omdorfif et al, 2001).
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Figure 1.3. Digital Elevation Model (DEM) o f  the Lehman Creek Watershed and 
surrounding peaks in Great Basin National Park.
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31,2000 (data obtained from the Western Regional Climate Center's website, 2000).
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M onth Average 
M axim um  
Temp (C)
Average 
M inimum  
Tem p (C)
Average
T otal
Precipitation
(cm)
Average
Total
Snowfall
(cm)
Average 
Snow Depth 
(cm)
January 4.8 -7.3 2.49 30.23 10.16
February 6.4 -5.8 2.62 29.72 10.16
March 9.3 -3.7 3.71 36.07 5.08
April 14 -0.3 2.80 16.00 0.0
May 19.2 4.3 3.40 6.35 0.0
June 25.2 9.2 2.29 0.76 0.0
July 29.7 13.8 2.46 0.0 0.0
August 28.4 13.2 2.97 0.0 0.0
September 23.7 8.3 2.82 0.76 0.0
October 16.7 -0.6 2.97 9.65 0.0
November 9.3 -3.4 2.54 23.88 2.54
December 5.3 -6.8 2.24 25.15 5.08
A nnual 16 2 3 3 3 0 178,56 2,54
Table 1.1. Monthly temperature and precipitation values for Great Basin National Park 
from July I. 1948 to July 31, 2000. Information was obtained from the Western Regional 
Climate Center at http://www.wrcc.dri.edu/cgi-bin/cliRECtM.pl7nvgrea.
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Figure 2.1. Curve A: Frequency distribution o f stream discharge. Curve B: sediment 
transport rate. Curve C: effective sediment transport rate (modified from Om dorff 
and Whiting, 1999).
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Characteristics Period of Operation: 
October 1,1947 
to
September 30,1955
Period of Operation 
October 1,1992 
to
September 30,1997
Station Name Lehman Creek Near Baker, 
Nevada
Lehman Creek Near Baker, 
Nevada
Gage Number 10243260 10243260
Latitude 39° 00' 42" 39° 00' 42"
Longitude 114° 12'49" 114° 12'49"
Drainage Area 28.5 km- 28.5 km-
Table 2.1. Table o f the station information used by the USGS to measure stream 
discharge over two periods o f record for Lehman Creek.
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Author(s) Are effective and bankfull discharges 
equivalent?
Wolman and Miller (1960) Yes
Andrews (1980) Yes
Kircher(1981) Yes
Batalla and Sala (1995) Yes
Whiting et al (1999) Yes
Andrews and Nankervis ( 1989) Yes
Pickup and Warner ( 1976) No
Nolan et al (1987) No
Benson and Thomas (1966) No
Table 2.2. Table summarizing conclusions about the equivalence of effective and 
bankfull discharge based on previous studies.
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(modified from Omdorfif and Whiting, 1999).
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Figure 4.3. Photographs o f  the two sites located along Lehman Creek. WL-1 (top) 
and WL-2 (bottom).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
100
Figure 4.4. Photograph o f  the pressure transducer that was used at each station 
location along Lehman Creek (this particular picture is o f the WL-2 site in Lehman 
Creek). The recorder is the WPS-2109e Water Pressure Recording System that stored 
averaged pressure values, and the sensor is the WLS-2109e Level Tracker that 
measures water depth. The sensor is at the base o f  the perforated PVC pipe so that it 
is protected from moving bedload, and the entire instrument is mounted on an angle 
iron by steel wire and duct tape. The stage plate is mounted on the left side o f  the 
angle iron in this picture.
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Data transfer button M Data transfer light
Data Logger
Plugs into pressure 
recorder for data 
transfer
Plugs into computer so data may be 
transferred for analysis
Figure 4.5. Diagram o f  the A-302 Data Transfer Unit used to transfer data from the 
two pressures transducers located along Lehman Creek. The data transfer button is 
pressed until a green light appears in the data transfer light and remains green until all 
o f  the data is transferred into the data logger. When transfer is complete, the light 
flashes for three seconds. One cable is plugged into the pressure transducer to transfer 
data into the data logger and the other cable plugs into the computer for data analysis.
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Figure 4.6. Photograph o f  the surveying equipment used to measure 
cross-sections and longitudinal profiles for the two sites along Lehman 
Creek.
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Figure 4.7a. Photograph o f  the Swofifer Current Velocity meter model 2100 series 
recorder used to count propeller rotations that are directly proportional to water 
velocity (modified firom Swoffer Website, 2001). This unit is coimected by cable to 
the propeller at the end o f  the unit (see Figure 4.7b). Each full rotation o f  the 
propeller is counted.
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Swoffer Rod Model #3000-14
Wand Model #2100-A21
Figure 4.7b. Photograph o f the Swoffer Rod model #3000-14 which is expandable to 
4.7 feet (modified firom Swoffer Website, 2001). The propeller at the bottom spins 
according to the velocity o f the stream and the number o f  rotations is recorded in the 
Swoffer Current Velocity meter recorder (4 counts per rotation o f  the propeller).
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Figure 4.9. Photograph o f  the WL-1 station site along Lehman Creek. The Helley- 
Smith bedload collector captures bedload but allows suspended load to move because 
o f the fine net attached to the instrument. The back o f the net is hooked to an 
aluminum rod that extends out o f the main aluminum rod so that the net is extended 
and does not bunch up during measurements. Also, the pressure transducer is seen in 
this picture along with the attached stage plate used to measure water height.
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Figure 4.10. A diagram o f the painted rocks used and their placement relative to the 
main cross-section at the WL-1 station site. Dimensions o f  the rocks are included in 
Appendix I.
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Figure 4.11. A diagram o f  the painted rocks used and their placement relative to the 
main cross-section at the WL-2 station site. Dimensions o f  the rocks are included in 
Appendix 2.
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Figure 5.1. Photographs o f  the WL-1 (top) and WL-2 (bottom) sites showing the 
vegetation surrounding the two locations and the possible source o f  organics that 
were captured during sediment transport measurements.
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Figure 5 ^ . Photgraph o f  the Ohaus Scout II scale. The scale used in the 
Lehman Creek study was the Scout model number Sc6010.
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Figure 5.3. Example u f a cross-section consirucled from surveying data collected during fieldwork from the Lehman Creek 
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Figure 5.5. In order to calculate the discharge the stream was divided into five equal 
sections. Measurements occurred at the midpoint o f each section (black tick mark). 
The length for each rectangle was the central depth. The width corresponds to the 
measurement o f each increment. The width was the same for all o f  the rectangles in 
each transect. At the bottom o f each rectangle parts o f the stream channel are not 
included in area measurements while parts outside o f  the cross-section are included. 
The length o f each rectangle controlled the size and even though not all o f  the stream 
channel is included, the areas that are outside o f  the stream channel make up the 
difference for the areas in the stream channel.
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Figure 5.9. Example o f  a cumulative probability density function from the 
Lehman Creek study (WL-2 site). This cur\ e shows percent exceedence for 
historic streamflows.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
118
§
ü.
>»
Q
>%
.oI
I/o
O
o
o
o
o
e
o
10 20 30 40 50 60
Discharge (cfs)
Figure 5.10. Example o f  a probability density function (pdf) from the Lehman 
Creek study. A pd f displays the frequency distribution. According to this graph, 
low streaniflow occurs most frequently and with decreasing frequency at higher 
discharge values.
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Figure 5.11. Example o f  a sediment transport curve from the Lehman Creek 
study (WL-2 site) produced by the S-plus computer program.
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Figure 5.12. Example o f  an effective sediment transport curve from the Lehman 
Creek study. The modified sediment transport curve for this station site (WL-2) 
was used in the calculations. The peak o f  the curve corresponds to the effective 
discharge.
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Figure 5.13. Example o f  a recurrence interval graph from the Lehman Creek study. 
The modified sediment transport curve for this station site (WL-2) was used in the 
calculations. The recurrence interval effective discharge is 1.15 years in this example.
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Stage Readings/Calculated Discharge 
WL-1
Stage Reading (ft) Stage Reading (m) Calculated 
Discharge (ft^/s)
Calculated 
Discharge (m^/s)
0.37 0.012 0.4834 0.014
0.6 0.183 7.3215 0.205
0.6 0.183 7.3439 0.206
0.58 0.177 7.2138 0.202
0.42 0.128 2.3539 0.066
0.42 0.128 3.2805 0.092
0.41 0.125 2.7597 0.077
0.39 0.119 2.7334 0.077
0.34 0.104 1.7481 0.049
0.33 0.101 1.2824 0.036
0.32 0.098 0.7774 0.022
0.32 0.098 1.6443 0.046
Table 5.1. Stage readings and corresponding discharge values calculated for the WL-1 
site along Lehman Creek.
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Stage Readings/Calculated Discharge 
WL-2
Stage Reading (ft) Stage Reading (m) Calculated 
Discharge (ft /^s)
Calculated 
Discharge (mVs)
0.4 0.122 5.2303 0.146
0.72 0.220 24.0525 0.673
0.68 0.207 15.492 0.434
0.68 0.207 12.9087 0.361
0.65 0.198 12.8892 0.361
0.48 0.146 11.4261 0.320
0.47 0.143 8.0434 0.225
0.48 0.146 11.0294 0.309
0.48 0.146 7.5053 0.210
0.38 0.116 5.7929 0.162
0.36 0.110 6.3763 0.179
0.38 0.116 6.4162 0.180
0.38 0.116 5.1305 0.144
0.195 0.059 2.9541 0.083
Table 5.2. Stage readings and corresponding discharge values calculated for the WL-2
site along Lehman Creek.
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Regression Analysis fo r  W L-1 Station Site 
Data Used fo r  Analysis
Pressure T ransducer reading log(Q)
2.88 0.864600067
2.88 0.865926755
2.63 0.858164097
1.35 0.371788009
1.3 0.515940042
1.25 0.440861874
1.23 0.43670319
0.45 0.242566273
0.4 0.108023509
0.28 -0.109355464
0.3 0.215981057
Values Produced from  Regression Analysis
Slope 0.3055891
y-intercept 0.02205845
R- 0.9182798
Table 5.3. Pressure transducer data and corresponding log(discharge) values.
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Regression Analysis for WL-2 Station Site 
Data Used for Analysis
Pressure Transducer reading log(Q)
6.4 1.381160223
6.13 1.190107488
5.93 1.110882508
5.88 1.110225963
4.47 1.057898021
4.4 0.905439667
4.37 1.042551887
4.22 0.875368056
3.38 0.762896032
3.53 0.804568742
3.25 0.807277893
3.2 0.710159692
Values Produced from Regression Analysis
Slope 0.1582
y-intercept 0.2524
R- 0.8789
Table 5.4. Pressure transducer data and corresponding log(discharge) values.
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Figure 6.1. The four DEM’s needed for this study: Windy Peak, Lehman Caves, 
Wheeler Peak, and Kious Springs. Shades o f gray correspond to land surface 
elevation; the daricer the gray, the higher the elevation.
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Figure 6.2. Mosaic DEM o f Great Basin National Park.
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Figure 6.3. Flow direction from the Great Basin National Park DEM. Each 
shade o f  gray corresponds to a particular direction that water would flow in 
each cell, such as the darker grays towards the west and the ligher grays towards 
the east.
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Figure 6.4. Flow accumulatio grids. The map on the left is the accumulation grid. The grid on the right is the result o f a 
map query pcrfonncd on the flow accumulation grid that asked to see areas that receive greater than five hundred cells. 
This map query delineated streams that were placed on top o f the Great Basin National Park DEM.
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Figure 6.5. Great Basin National Park DEM with the map query showing cells, thus 
delineating streams on the DEM with accumulation values greater than 500.
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Figure 6.6. These are closeup views o f the Lehman Creek watershed with the two station sties georeferenced. The image 
on the leA is the grid with the initial GPS data, and the right image is the new point theme created so the two station sites 
lie directly on top o f Lehman Creek.
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W atershed Delineation Scrip t
view l=av.GetActiveDoc 
ptsGTheme=view 1 .FindThemeC'Statgrd”) 
fdGTheme=view 1 .FindTheme(”flcwdir") 
ptsGrid=ptsGTheme.GetGrid 
fdGrid=fdGTheme.GetGrid 
watGrid=fdGrid. W atershed(ptsGrid) 
watGTheme=GTheme.Make(watGrid) 
view 1. AddTheme( watGTheme)
Figure 6.7. Script used in ArcView to delineate contributing watersheds for the two 
station sites. The two input grids are the flow direction grid and the stations grid.
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Figure 6.8, This is a closeup view o f the Lehman Creek watershed after running the watershed delineation script which defined 
the two contributing watersheds; WL-1 (white) and WL-2 (light gray).
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Figure 6.9. Computed slope for the Great Basin National Park DEM. The darker the 
gray, the steeper the slope. Note how well the cirque headwalls show up in the slope 
analysis.
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M
Figure 6.10. Slope aspect for the Great Basin National Park DEM. Shades o f  gray 
correspond to azimuth directions. For instance, the darker grays are facing toward 
the west and the lighter grays are facing toward the east.
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Site ArcVlew T able
ID Easting Northing Elevation (ft) Elevation (m)
WL-1 733953 4321468 9712 2962
W L-2 741462 4321653 6626 2021
Table 6.1. Table o f UTM locations for the two station sites. ArcView used the Easting 
and Northing values to orient the station sites on the Great Basin National Park DEM.
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ID N um ber of 
Cells
A rea of a  cell 
(m-)
Area of 
watershed (m^)
A rea of 
w atershed
(km^)
WL-1 5145 900 4630500 4.6
WL-2 25853 900 23267700 23.3
Table 6.2. Number o f grid cells in each contributing watershed and the corresponding 
area in square meters and square kilometers.
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Relief (Elevation)
ID M axim um  (m) M inim um  (m) R ange(m ) Arithmetic 
M ean (m)
WL-1 3736 2903 833 3238
WL-2 3980 2028 1952 2957
Table 6.3. Zonal analysis in Arc View for watershed elevation. The WL-1 watershed has 
a higher mean elevation than WL-2 because that watershed as a whole is concentrated 
higher within the southern Snake Range.
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Slope
ID M axim um  (*) M inim um  (°) Range (®) Arithmetic 
Mean (*)
WL-1 60.9 0.0 60.9 19.6
WL-2 75.8 0.0 75.8 21.3
Table 6.4. Zonal analysis in ArcView for watershed slope. The WL-2 watershed has a 
higher mean slope than WL-1 because the WL-2 watershed contains the high headwalls 
o f Lehman Cirque (not within the WL-1 watershed).
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Slope Aspect
ID M axim um  (°) M inim um  (°) Range (°) Arithm etic 
M ean (°)
WL-1 360 -1.0 361 134
W L-2 360 -1.0 361 134
Table 6.5. Zonal analysis in ArcView for slope aspect. The - I value in the minimum 
column corresponds to horizontal cells. A value o f zero indicates that the cell faces 
upward. Both watersheds have a mean slope aspect of 134° which means that both 
watersheds face to the southeast. This makes sense since the Lehman Creek watershed is 
on the east side of the southern Snake Range.
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Figure 7.2, Cross-section of the WL-1 site on August 20,2001. The cross-sections are essentially the saine, hence 
the stream channel did not change shape over the course of the study.
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Figure 7.3. Initial cross-section o f the WL-2 site on October 10,1999. Points were surveyed every 0.3 m across the transect. 
This initial cross-section has the saine general shape as the two cross-sections that were surveyed every 0.15 m across the 
transect.
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Figure 7.5. Cross-seclion of Ihe WL-2 site on March 22, 2001. The cross-section has the sanie shape as the previous one (June 
5,2000), hence Ihe stream channel did not change over the course o f this study.
73
CD■D
3
Q .
C
8
Q .
■D
CD
( f i
( f i
CD
8■D
ci-
Longitudinal Profile WL-1 June 7, 2(XK)
CD"O
O
Q .
C
aO3
■D
O
CD
O .
O
C
"O
CD
(f i
(f i
6
§
%
U
33
32
31
Step
30
S.ep
Pool
Step29
Pool
28
Pool
Pool
27
26
4 6 8 122 10 140 16 18 20
Points
Figure 7.6. Longitudinal Profile o f the WL-1 site on June 7, 2(KX). The profile shows a step-pool imirphology. 
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Figure 7.10. Diagram o f  painted rocks in their original position at the WL-1 site. 
Rocks where x s are located on the cross-section are rocks that have moved. Even 
though at least one o f  the rocks was tampered with (A-16) most o f  the rocks that 
moved were the smaller ones. One larger rock did move and it was found below the 
next “step” downstream in a small pool.
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Figure 7.12. Calculated effective discharge values using the binning method with the unmodified sediment transport curve and the 
estimated historic discharge values for the WL-1 site. This figure continued on the next page.
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D ischarge R ange
ID W L-I W L-2
M axim um  (mVs) 0.206 0.673
M inim um  (m^/s) 0.013 0.066
A verage (m^/s) 0.199 0.091
Table 7.1. M easured discharge range for the two station sites along Lehman Creek 
summarizing the maximum, minimum, and average values in units o f mVs (cubic meters 
per second).
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L ehm an C reek
S tation  Site D rainage
A rea(km ^)
Effective
D ischarge
(mVs)
Bankfull
D ischarge
(m^/s)
Slope R atio B ankfull/
Effective
R atio
WL-1 4.6 0.0828 2.5242 0.14 30.49
W L-2 (with 
anomalous 
discharge 
value in log 
plot)
23.3 0.4003 2.2495 0.0618 5.62
W L-2
(without 
anomalous 
discharge 
value in log 
plot)
23.3 0.4003 1.4862 0.0618 3.71
Table 7.2. Drainage area, effective discharge, bankfull discharge, longitudinal slope 
(gradient), and bankfiill/effective discharge ratio for each site located along Lehman 
Creek. The last row estimates discharge without the highest discharge recorded (0.6811 
mVs) in the log(stage) vs. log(discharge) plot, which is interpreted by the author to be an 
anomalous value.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Andrews (1980)
179
Stream Drainage Area
(km:)
Effective
Discharge
(m /^s)
Bankfull
Discharge
(m /^s)
Bankfull/
Effective
Ratio
Wilson Creek 
Near Axial
51.8 0.481 0.538 1.12
Elkhead Creek 54.5 17.3 15.6 0.90
Grassy Creek 
near Mt. 
Harris
67.4 1.42 1.40 0.99
Good Springs 
Creek near 
Axial
90.5 0.312 0.312 1
Table 7.3. Drainage area, effective discharge, bankfull discharge, and slope for streams 
(with drainage basins less than 100 km") in the Andrews (1980) study.
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River/Stream Drainage
Area
(km:)
Effective
Discharge
(m /^s)
Bankfull
Discharge
(m /^s)
Slope Ratio Bankfull/
Effective
Ratio
Blackmare
Creek
46.1 5.24 4.73 0.0299 0.90
Canyon
Creek
49.7 4.93 6.48 0.0508 1.31
Catspur
Creek
28.0 1.70 2.36 0.0111 1.39
Dollar Creek 42.7 4.64 6.43 0.0146 1.39
Eggers Creek 1.29 0.0170 0.0478 0.0747 2.81
Fourth of 
July Creek
44.2 2.01 3.88 0.0202 1.93
Little
Buckhom
Creek
15.5 0.708 N.A. 0.0509 N.A.
SF Red River 98.9 5.75 7.25 0.0140 1.26
Squaw Creek 37.0 0.365 0.623 0.0240 1.71
Thompson
Creek
56.4 3.40 2.48 0.0153 0.73
Trapper
Creek
20.7 1.06 2.56 0.0414 2.42
WF
Buckhom
Creek
58.5 4.98 5.72 0.0320 1.15
Table 7.4. Drainage area, effective and bankfull discharge, slope, and bankfull/effective 
ratio for streams (drainage basin less than 100 km:)in the W hiting et al. (1999) study in 
Idaho. N.A. indicates that bankfull discharge could not be determined for that 
river/stream .
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R iver/Stream D rainage A rea 
(km :)
Effective
D ischarge
(mVs)
B ankfull
D ischarge
(m^/s)
B ankfull/
Effective
ratio
M ichigan 
R iver n r. 
C am eron Pass
3.96 0.73 0.70 0.96
M iddle 
B oulder C reek 
a t N ederland
93.7 9.9 9.5 0.96
L ittle  Beaver 
C reek nr. 
Rustic
31.9 1.56 1.6 1.03
Halfm oon 
C reek n r. 
M alta
61.1 5.27 7.08 1.34
F rase r R iver 
a t upper 
station  nr. 
W inter Park
27.2 2.69 2.69 1
South Fork 
W illiam s Fork 
n r. Leal
70.5 5.86 8.36 1.43
C astle C reek 
above Aspen
83.4 4.39 4.45 1.01
N orth Fork 
Frying R iver 
abv. 
C unningham  
C reek nr. 
N orrie
31.1 3.74 3.17 0.85
C unningham  
C reek nr. 
N orrie
18.4 2.48 2.52 1.02
Table 7.5. Drainage area, effective and bankfull discharge, and bankfull/effective ratio 
for rivers and streams (drainage basin less than 100 km^lin the Andrews and Nankervis 
(1995) study.
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WL-1 Station Site
APPENDIX I
PAINTED ROCK MEASUREMENTS
ID a-axis
(in)
a-axis
(cm)
b-axis
(in)
b-axis
(cm)
c-axis
(in)
c-axis
(cm)
A l 4.0 10.16 3.0 7.62 2.4 6.096
A2 2.1 5.334 1.9 4.826 1.4 3.556
A3 2.7 6.858 2.3 5.842 1.7 4.318
A4 4.4 11.176 4.0 10.16 2.9 7.366
A5 4.9 12.446 2.8 7.112 2.0 5.08
A6 3.6 9.144 1.9 4.826 1.1 2.794
A7 3.3 8.382 2.4 6.096 1.4 3.556
A8 2.0 5.08 1.2 3.048 0.7 1.778
A9 3.0 7.62 1.1 2.794 1.1 2.794
AlO 2.2 5.588 1.4 3.556 1.0 2.54
A ll 4.0 10.16 2.4 6.096 1.3 3.302
A12 2.1 5.334 1.3 3.302 1.3 3.302
A13 1.8 4.572 1.4 3.556 0.4 1.016
A14 5.5 13.97 4.1 10.414 2.6 6.604
A15 3.5 8.89 1.8 4.572 1.5 3.81
A16 2.9 7.366 1.8 4.572 1.2 3.048
A17 4.4 11.176 3.3 8.382 0.8 2.032
A18 2.7 6.858 2.0 5.08 1.7 4.318
A19 1.7 4.318 1.1 2.794 1.1 2.794
A20 8.2 20.828 4.1 10.414 1.0 2.54
A21 5.4 13.716 5.0 12.7 0.7 1.778
A22 4.0 10.16 2.9 7.366 2.5 6.35
A23 2.1 5.334 1.4 3.556 1.2 3.048
A24 3.3 8.382 2.7 6.858 2.0 5.08
A25 2.2 5.588 1.5 3.81 0.8 2.032
184
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ID a-axis a-axis b-axis b-axis c-axis c-axis
(in) (cm) (in) (cm) (in) (cm)
B1 4.5 11.43 2.9 7.366 2.4 6.096
B2 2 5 6.35 1.5 3.81 1.15 2.921
B3 1.6 4.064 0.9 2.286 0.8 2.032
B4 2.1 5.334 1.4 3.556 1.1 2.794
B5 1.1 2.794 0.9 2.286 0.4 1.016
B6 1.4 3.556 1.3 3.302 0.6 1.524
B7 1.4 3.556 1.0 2.54 0.7 1.778
B8 2.1 5.334 2.05 5.207 1.3 3.302
B9 0.9 2.286 0.8 2.032 0.5 1.27
BIO 3.3 8.382 2.8 7.112 2.2 5.588
B ll 2.5 6.35 2.0 5.08 1.1 2.794
B12 2.5 6.35 2.1 5.334 1.7 4.318
B13 3.2 8.128 2.0 5.08 1.3 3.302
B14 1.6 4.064 1.1 2.794 0.9 2.286
B15 1.1 2.794 1.1 2.794 1.1 2.794
B16 1.9 4.826 1.4 3.556 0.9 2.286
B17 1.3 3.302 1.2 3.048 1.2 3.048
B18 3.0 7.62 2.7 6.858 1.4 3.556
B19 1.6 4.064 1.5 3.81 0.9 2.286
B20 4.9 12.446 2.7 6.858 1.9 4.826
B21 2.7 6.858 2.5 6.35 1.5 3.81
B22 2.7 6.858 2.6 6.604 1.6 4.064
B23 2.5 6.35 1.6 4.064 0.7 1.778
B24 5.0 12.7 3.5 8.89 2.5 6.35
B25 4.5 11.43 4.3 10.922 2.6 6.604
B26 5.1 12.954 3.4 8.636 2.9 7.366
B27 3.7 9.398 3.6 9.144 2.3 5.842
B28 2.5 6.35 2.4 6.096 1.7 4.318
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APPENDIX H
DAILY LOGS OF SEDIMENT TRANSPORT
October 10, 1999
Site Time Measured
Discharge
(ft^/s)
Time
Measured
(minutes)
Measured
Sediment
(grams)
Sediment
(tons/day)
Sediment
(kg/day)
WL-2M AM 5.2303 5 0.3 0.0004762 0.432
WL-2M AM 5.2303 5 0.1 0.0001587 0.114
W L-IM 2:14pm 0.4834 5 trace trace trace
March 14, 2000
Site Time Measured
Discharge
(ft^/s)
Time
Measured
(minutes)
Measured
Sediment
(grams)
Sediment
(tons/day)
Sediment
(kg/day)
WL-2M 11:22am 2.6943 5 none 0 0
WL-2M 11:33am 2.6943 5 none 0 0
WL-2M 11:50am 2.6943 5 none 0 0
WL-2M 12:03pm 2.6943 5 trace trace trace
WL-2M 4:13pm 2.6461 5 0.1 0.0001587 0.144
WL-2M 4:25pm 2.6461 5 trace trace trace
WL-2M 4:36pm 2.6461 5 none 0 0
WL-2M 4:46pm 2.6461 5 trace trace trace
WL-2M 4:57pm 2.6461 5 trace trace trace
June 3, 2000
186
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Site Tim e M easured
D ischarge
(ft^/s)
Tim e
M easured
(m inutes)
M easured
Sedim ent
(gram s)
Sedim ent
(tons/day)
Sedim ent
(kg/day)
WL-2M 11:51am 24.0525 25 3.2 0.0010159 0.922
WL-2M 12:29pm 24.0525 25 2.7 0.0008571 0.778
W L-IM 4:05pm 7.3215 25 0.3 .00009524 0.086
W L-IM 4:38pm 7.3215 25 3.6 0.0011429 1.037
June 4, 2000
Site Tim e M easured
D ischarge
(ft^/s)
Tim e
M easured
(m inutes)
M easured
Sedim ent
(gram s)
Sedim ent
(tons/day)
Sedim ent
(kg/day)
W L-IM 10:13am 7.3439 25 1.1 0.0003492 0.317
W L-IM 10:47am 7.3439 25 1.6 0.0005079 0.461
WL-2M 2:35pm 15.492 25 3.3 0.0010476 0.951
WL-2M 3:08pm 15.492 25 1 0.0003174 0.288
June 6. 2000
Site Tim e M easured
D ischarge
(ftVs)
Time
M easured
(m inutes)
M easured
Sedim ent
(gram s)
Sedim ent
(tons/day)
Sedim ent
(kg/day)
WL-2M 10:04am 12.9087 25 1.3 0.0004127 0.374
WL-2M 10:37am 12.9087 25 1.3 0.0004127 0.374
W L-IM 2:06pm 7.2138 25 2.2 0.0006984 0.634
W L-IM 2:39pm 7.2138 25 0.1 .00003174 0.029
June 8, 2000
Site Tim e M easured
D ischarge
(ft^/s)
Tim e
M easured
(m inutes)
M easured
Sedim ent
(gram s)
Sedim ent
(tons/day)
Sedim ent
(kg/day)
WL-2M 10:55am 12.8892 25 34.1 0.0108257 9.830
WL-2M 11:27 am 12.8892 25 1-2 0.0003809 0.346
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July 6, 2000
Site Tim e M easured
D ischarge
(ft^/s)
Tim e
M easured
(m inutes)
M easured
Sedim ent
(gram s)
Sedim ent
(tons/day)
Sedim ent
(kg/day)
WL-2D 10:44am 11.4261 25 35.7 0.0113337 10.291
WL-2D 11:14am 11.4261 25 41.6 0.0132068 11.992
WL-2M 11:49am 11.4261 25 1.3 0.0004127 0.375
WL-2M 12:19pm 11.4261 25 1.2 0.0003809 0.346
WL-2U 1:10pm 11.4261 25 2 0.0006349 0.576
WL-2U 1:40pm 11.4261 25 17.5 0.0055557 5.046
W L-IM 4:48pm 2.3539 25 none 0 0
W L-IM 5:18pm 2.3539 25 none 0 0
July 7, 2000
Site Tim e M easured
Discharge
(ft^/s)
Tim e
M easured
(m inutes)
M easured
Sedim ent
(gram s)
Sedim ent
(tons/day)
Sedim ent
(kg/day)
W L-ID 9:29am 3.2805 25 0.2 0.0000634 0.058
W L-ID 9:59am 3.2805 25 none 0 0
W L-IM 10:32am 3.2805 25 none 0 0
W L-IM 11:02am 3.2805 25 0.1 0.0000317 0.029
W L-IU 11:33am 3.2805 25 trace trace trace
W L-IU 12:02pm 3.2805 25 0.6 0.0001904 0.173
WL-2M 3:10pm 8.0434 25 0.3 0.0000952 0.086
WL-2M 3:41pm 8.0434 25 0.1 0.0000317 0.029
July 8, 2000
Site Tim e M easured
D ischarge
(ftVs)
Tim e
M easured
(m inutes)
M easured
Sedim ent
(gram s)
Sedim ent
(tons/day)
Sedim ent
(kg/day)
WL-2D 10:12am 11.0294 25 6.3 0.0020000 1.816
WL-2D 10:42am 11.0294 25 0.3 0.0000952 0.086
WL-2M 11:18am 11.0294 25 6.6 0.0020953 1.903
WL-2M 11:48am 11.0294 25 8.3 0.0026350 2.393
WL-2U 12:28pm 11.0294 25 11.7 0.0037144 3.373
W L-2U 12:59pm 11.0294 25 1.3 0.0004127 0.375
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Site Time Measured
Discharge
(ft^/s)
Time
Measured
(minutes)
Measured
Sediment
(grams)
Sediment
(tons/day)
Sediment
(kg/day)
W L-ID 10:26am 2.7597 25 trace trace trace
W L-ID 10:57am 2.7597 25 none 0 0
W L-IM 11:28am 2.7597 25 none 0 0
W L-IM 11:58am 2.7597 25 none 0 0
W L-IU 12:28pm 2.7597 25 trace trace trace
W L-IU 12:59pm 2.7597 25 0.3 0.0000952 0.086
July 10, 2000
Site Time Measured
Discharge
(ft^/s)
Time
Measured
(minutes)
Measured
Sediment
(grams)
Sediment
(tons/day)
Sediment
(kg/day)
WL-2D 10:10am 7.5053 25 12.4 0.0039366 3.574
WL-2D 10:39am 7.5053 25 0.9 0.0002857 0.259
WL-2M 11:12am 7.5053 25 2 0.0006349 0.576
WL-2M 11:41am 7.5053 25 1 0.0003174 0.288
WL-2U 12:13pm 7.5053 25 0.1 0.0000317 0.028
WL-2U 12:42pm 7.5053 25 0.4 0.0001269 0.115
W L-IM 3:40pm 2.7334 25 none 0 0
W L-IM 4:10pm 2.7334 25 none 0 0
August 2, 2000
Site Time Measured
Discharge
(ft^/s)
Time
Measured
(minutes)
Measured
Sediment
(grams)
Sediment
(tons/day)
Sediment
(kg/day)
WL-2D 10:46am 5.7929 25 0.7 0.0002222 0.202
WL-2D 11:15am 5.7929 25 1.9 0.0006032 0.548
WL-2M 11:49am 5.7929 25 0.9 0.0002857 0.259
WL-2M 12:18pm 5.7929 25 0.1 0.0000317 0.028
WL-2U 12:59pm 5.7929 25 0.6 0.0001905 0.173
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August 3. 2000
Site Time Measured
Discharge
(ftVs)
Time
Measured
(minutes)
Measured
Sediment
(grams)
Sediment
(tons/day)
Sediment
(kg/day)
W L-ID 9:41am 1.7481 25 trace trace trace
W L-ID 10:09am 1.7481 25 0.1 0.0000317 0.028
W LI-M 10:38am 1.7481 25 none 0 0
WL-M 11:06am 1.7481 25 none 0 0
W L-IU 11:35am 1.7481 25 none 0 0
W L-IU 12:04pm 1.7481 25 none 0 0
WL-2M 2:40pm 6.3763 25 0.2 0.0000634 0.58
WL-2M 3:08pm 6.3763 25 0.3 0.0000952 0.86
August 4, 2000
Site Time Measured
Discharge
(ftVs)
Time
Measured
(minutes)
Measured
Sediment
(grams)
Sediment
(tons/day)
Sediment
(kg/day)
WL-2D 9:47am 6.4162 25 1.4 0.0004445 0.404
WL-2D 10:16am 6.4162 25 0.7 0.0002222 0.202
WL-2M 10:45am 6.4162 25 0.2 6.349E-05 0.58
VO.-2M 11:13am 6.4162 25 0.3 9.524E-05 0.86
WL-2U 11:43am 6.4162 25 0.2 6.349E-05 0.58
WL-2U 12:11pm 6.4162 25 0.2 6.349E-05 0.58
August 5. 2000
Site Time Measured
Discharge
(ft^/s)
Time
Measured
(minutes)
Measured
Sediment
(grams)
Sediment
(tons/day)
Sediment
(kg/day)
W L-ID 9:30am 1.2824 25 none 0 0
W L-ID 9:58am 1.2824 25 0.1 0.0000317 0.28
W L-IM 10:27am 1.2824 25 none 0 0
W L-IM 10:55am 1.2824 25 none 0 0
W L-IU 11:24am 1.2824 25 none 0 0
W L-IU 11:52am 1.2824 25 none 0 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
August 6. 2000
191
Site Tim e M easured
D ischarge
(ft^/s)
Tim e
M easured
(m inutes)
M easured
Sedim ent
(gram s)
Sedim ent
(tons/day)
Sedim ent
(kg/day)
WL-2D 9:37am 5.1305 25 1 0.0003175 0.288
WL-2D 10:05am 5.1305 25 1.1 0.0003492 0.317
W L-2M 10:35am 5.1305 25 0.1 0.0000317 0.028
WL-2M 11:04am 5.1305 25 0.4 0.000127 0.115
WL-2U 11:35am 5.1305 25 0.3 0.0000952 0.086
WL-2U 12:05pm 5.1305 25 16 0.0050795 4.61
W L-IM 2:24pm 0.7774 25 none 0 0
W L-IM 2:53pm 0.7774 25 none 0 0
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APPENDIX ni
CROSS-SECTION FIELD ELEVATIONS AND DISTANCES
W L-I June 5, 2000
R elative Elevation R elative Elevation D istance (ft) from D istance (m ) from
(ft) (m) instrum ent instrum ent
100 30.5 40 12.2
99.97 30.49 39 11.90
100.09 30.53 39 11.90
99.85 30.45 39 11.90
99.78 30.43 38 11.59
99.67 30.40 38 11.59
99.61 30.38 37 11.29
99.56 30.37 38 11.59
99.42 30.32 37 11.29
99.31 30.29 36 10.98
99.33 30.30 36 10.98
99.34 30.30 35 10.68
99.23 30.27 35 10.68
99.24 30.27 34 10.37
99.35 30.30 34 10.37
99.43 30.33 33 10.07
99.78 30.43 34 10.37
99.65 30.39 33 10.07
99.89 30.47 32 9.76
99.31 30.29 32 9.76
99.22 30.26 31 9.46
99.2 30.26 31 9.46
99.2 30.26 31 9.46
99.21 30.26 30 9.15
99.22 30.26 30 9.15
99.29 30.28 30 9.15
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99.33 30.30 30 9.15
99.37 30.31 29 8.85
99.39 30.31 29 8.85
99.41 30.32 29 8.85
99.47 30.34 28 8.54
99.42 30.32 28 8.54
99.39 30.31 28 8.54
99.41 30.32 27 8.24
99.35 30.30 28 8.54
99.29 30.28 27 8.24
99.22 30.26 26 7.93
99.15 30.24 26 7.93
99.15 30.24 26 7.93
99.13 30.23 25 7.63
98.83 30.14 25 7.63
98.14 29.93 25 7.63
97.89 29.86 25 7.63
97.53 29.75 24 7.32
98.03 29.90 24 7.32
98.17 29.94 24 7.32
98.17 29.94 24 7.32
97.87 29.85 24 7.32
97.84 29.84 23 7.02
97.75 29.81 24 7.32
97.75 29.81 24 7.32
97.84 29.84 22 6.71
97.81 29.83 22 6.71
97.75 29.81 22 6.71
97.97 29.88 22 6.71
98.19 29.95 22 6.71
97.84 29.84 22 6.71
97.93 29.87 21 6.41
98.01 29.89 21 6.41
98.09 29.92 21 6.41
98.05 29.91 21 6.41
98.06 29.91 21 6.41
98.27 29.97 21 6.41
98.23 29.96 21 6.41
98.67 30.09 20 6.1
99.11 30.23 21 6.41
99.41 30.32 20 6.1
99.61 30.38 20 6.1
99.73 30.42 21 6.41
99.83 30.45 21 6.41
99.93 30.48 20 6.1
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100.04 30.51 21 6.41
100.14 30.54 22 6.71
100.25 30.58 21 6.41
100.46 30.64 20 6.1
100.56 30.67 22 6.71
100.71 30.72 21 6.41
100.85 30.76 22 6.71
100.99 30.80 21 6.41
101.17 30.86 21 6.41
WL-1 August 20, 2001
R elative E levation R elative E levation D istance (ft) from Distance (m) from
(ft) (m) instrum ent instrum ent
100 30.5 40 12.2
99.94 30.48 40 12.2
99.92 30.48 40 12.2
99.83 30.45 30 9.15
99.73 30.42 39 11.90
99.64 30.39 38 11.59
99.58 30.37 36 10.98
99.51 30.35 37 11.29
99.38 30.31 32 9.76
99.28 30.28 36 10.98
99.26 30.27 36 10.98
99.31 30.29 36 10.98
99.19 30.25 34 10.37
99.2 30.26 34 10.37
99.3 30.29 34 10.37
99.4 30.32 33 10.07
99.73 30.42 33 10.07
99.63 30.39 33 10.07
99.35 30.30 31 9.46
99.26 30.27 32 9.76
99.24 30.27 32 9.76
99.17 30.25 30 9.15
99.15 30.24 30 9.15
99.2 30.26 30 9.15
99.18 30.25 29 8.85
99.25 30.27 28 8.54
99.29 30.28 28 8.54
99.34 30.30 28 8.54
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99.35 30.30 27 8.24
99.39 30.31 27 8.24
99.42 30.32 21 6.41
99.39 30.31 26 7.93
99.36 30.30 25 7.63
99.37 30.31 25 7.63
99.31 30.29 24 7.32
99.24 30.27 24 7.32
99.16 30.24 24 7.32
99.13 30.23 23 7.02
99.12 30.23 23 7.02
99.1 30.23 22 6.71
98.8 30.13 21 6.41
98.38 30.01 19 5.80
98.05 29.91 21 6.41
97.46 29.72 20 6.1
97.62 29.77 20 6.1
97.75 29.81 20 6.1
97.91 29.86 19 5.80
97.86 29.85 18 5.49
97.87 29.85 18 5.49
97.76 29.82 18 5.49
97.71 29.80 23 7.02
97.77 1 29.82 16 4.88
97.81 29.83 16 4.88
97.81 29.83 16 4.88
97.74 29.81 15 4.58
97.91 29.86 15 4.58
97.79 29.83 15 4.58
97.88 29.85 14 4.27
97.94 29.87 13 3.97
98.04 29.90 14 4.27
98.06 29.91 13 3.97
98.06 29.91 12 3.66
98.25 29.97 12 3.66
98.57 30.06 11 3.36
98.81 30.14 7 2.14
99.19 30.25 11 3.36
99.39 30.31 11 3.36
99.56 30.37 10 3.05
99.7 30.41 10 3.05
99.83 30.45 9 2.75
99.91 30.47 10 3.05
100.02 30.51 9 2.75
100.09 3053 9 2.75
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100.26 30.58 9 2.75
100.42 30.63 9 2.75
100.55 30.67 8 2.44
100.68 30.71 8 2.44
100.82 30.75 8 2.44
100.96 30.79 8 2.44
101.2 30.87 8 2.44
101.66 31.01 8 2.44
101.97 31.10 8 2.44
102.13 31.15 8 2.44
102.18 31.16 9 2.75
102.19 31.17 9 2.75
102.23 31.18 9 2.75
102.26 31.19 9 2.75
102.31 31.20 9 2.75
102.42 31.22 9 2.75
WL-2 October 10. 1999
Relative E levation 
(ft)
R elative E levation
(m)
D istance (ft) from  
instrum en t
D istance (m ) from  
instrum en t
100 30.5 15 4.58
100 30.5 115 35.08
99.95 30.48 13 3.97
99.72 30.41 14 4.27
99.61 30.38 13 3.97
99.45 30.33 13 3.97
99.22 30.26 13 3.97
98.48 30.04 12 3.66
97.96 29.88 12 3.66
97.4 29.71 12 3.66
96.01 29.28 11 3.36
96.11 29.31 13 3.97
95.84 29.23 12 3.66
96.22 29.35 13 3.97
95.94 29.26 13 3.97
95.87 29.24 14 4.27
97.48 29.73 14 4.27
98.08 29.91 15 4.58
98.4 30.01 15 4.58
98.55 30.06 16 4.88
98.55 30.06 16 4.88
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98.46 30.03 17 5.19
98.42 30.02 18 5.49
98.36 30.00 18 5.49
98.32 29.99 20 6.1
98.25 29.97 20 6.1
98.24 29.96 20 6.1
98.18 29.94 21 6.41
98.12 29.93 23 7.02
WL-2 June 5. 2000
Relative E levation Relative E levation D istance (ft) from D istance (m ) from
(ft) (m) instrum ent instrum ent
100 30.5 19 5.80
99.99 30.50 19 5.80
99.97 30.49 19 5.80
99.94 30.48 18 5.49
99.92 30.48 19 5.80
99.96 30.49 23 7.02
99.74 30.42 19 5.80
99.67 30.40 19 5.80
99.63 30.39 19 5.80
99.57 30.37 19 5.80
99.48 30.34 19 5.80
99.39 30.31 19 5.80
99.23 30.27 19 5.80
98.88 30.16 18 5.49
98.4 30.01 19 5.80
98.05 29.91 19 5.80
97.93 29.87 20 6.1
97.75 29.81 19 5.80
96.36 29.39 20 6.1
95.95 29.26 25 7.63
95.95 29.26 25 7.63
95.91 29.25 21 6.41
95.93 29.26 21 6.41
96.19 29.34 21 6.41
95.83 29.23 21 6.41
96.13 29.32 21 6.41
96.21 29.34 21 6.41
95.91 29.25 21 6.41
95.75 29.20 22 6.71
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95.86 29.24 24 7.32
95.87 29.24 23 7.02
95.83 29.23 23 7.02
97.5 29.74 23 7.02
97.99 29.89 23 7.02
98.05 29.91 23 7.02
98.29 29.98 24 7.32
98.45 30.03 24 7.32
98.57 30.06 25 7.63
98.62 30.08 25 7.63
98.61 30.08 24 7.32
98.57 30.06 24 7.32
98.52 30.05 26 7.93
98.47 30.03 26 7.93
98.47 30.03 26 7.93
98.45 30.03 26 7.93
98.43 30.02 27 8.24
98.38 30.01 27 8.24
98.33 29.99 26 7.93
98.33 29.99 26 7.93
98.29 - 29.98 28 8.54
98.27 29.97 28 8.54
98.27 29.97 29 8.85
98.31 29.98 29 8.85
98.21 29.95 30 9.15
98.19 29.95 31 9.46
98.17 29.94 31 9.46
98.13 29.93 32 9.76
WL-2 March 21, 2001
R elative Elevation R elative E levation D istance (ft) from D istance (m) from
(ft) (m) instrum ent instrum ent
100 30.5 14 4.27
99.97 30.49 14 4.27
99.94 30.48 14 4.27
99.92 30.48 14 4.27
99.92 30.48 14 4.27
99.97 30.49 14 4.27
99.7 30.41 14 4.27
99.66 30.40 14 4.27
99.6 30.38 14 4.27
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99.53 30.36 14 4.27
99.43 30.33 14 4.27
99.35 30.30 14 4.27
99.18 30.25 14 4.27
98.8 30.13 14 4.27
98.35 30.00 13 3.97
98.01 29.89 15 4.58
97.86 29.84 14 4.27
97.74 29.81 15 4.58
96.21 29.34 15 4.58
96.01 29.28 15 4.58
96.00 29.28 16.5 5.03
95.95 29.26 16 4.88
95.94 29.26 16.5 5.03
96.18 29.33 17 5.19
95.84 29.23 18 5.49
95.71 29.19 18 5.49
96.19 29.34 18 5.49
95.94 29.26 19 5.80
95.71 29.19 18 5.49
95.74 29.20 19 5.80
95.81 29.22 19 5.80
95.77 29.21 20.5 6.25
95.79 29.22 20 6.1
96.13 29.32 20 6.1
98.05 29.91 19.5 5.95
98.27 29.97 20.5 6.25
98.41 30.02 20.5 6.25
98.49 30.04 22 6.71
98.54 30.05 22 6.71
98.54 30.05 22 6.71
98.5 30.04 22.5 6.86
98.46 30.03 23 7.02
98.44 30.02 23.5 7.17
98.41 30.02 24 7.32
98.38 30.01 24 7.32
98.35 30.00 24 7.32
98.32 29.99 25 7.63
98.28 29.98 26 7.93
98.28 29.98 26 7.93
98.23 29.96 26.5 8.08
98.22 29.96 26 7.93
98.13 29.93 27 8.24
98.22 29.96 27 8.24
98.17 29.94 28 8.54
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98.14 29.93 28 8.54
98.11 29.92 29 8.85
98.07 29.91 29 8.85
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APPENDIX IV
LONGITUDINAL PROFILE ELEVATIONS AND DISTANCES
WL-1 June 7. 2000
Relative Elevation 
(ft)
Relative Elevation 
(m)
Distance from  
instrum ent (ft)
D istance from  
instrum ent (m)
89.1 27.18 62 18.91
90.08 27.47 56 17.08
91.62 27.94 53 16.17
91.7 27.97 47 14.34
93.44 28.50 44 13.42
93.03 28.37 41 12.51
94.67 28.87 36 10.98
94.43 28.80 29 8.85
95.89 29.25 23 7.02
96.9 29.55 20 6.1
97.88 29.85 17 5.19
97.72 29.80 19 5.80
97.85 29.84 18 5.49
98.68 30.10 23 7.02
100.06 30.52 26 7.93
100.84 30.76 31 9.46
101.59 30.98 34 10.37
102.94 31.40 40 12.2
103.31 31.51 46 14.03
104.56 31.89 51 15.56
WL-2 June 7, 2000
Relative Elevation Relative Elevation Distance from Distance from
201
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(ft) (m) instrum ent (ft) instrum ent (m)
92.73 28.29 77 23.49
93.33 28.47 79 24.10
93.75 28.59 62 18.91
93.85 28.62 57 17.39
93.95 28.65 53 16.17
94 28.67 49 14.95
94.46 28.81 41 12.51
94.28 28.76 39 11.90
94.41 28.80 36 10.98
95.68 29.18 34 10.37
95.75 29.20 29 8.85
95.49 29.12 20 6.1
95.72 29.19 18 5.49
96.53 29.44 16 4.88
97 29.59 14 4.27
97.44 29.72 14 4.27
97.85 29.84 12 3.66
98.41 30.02 11 3.36
98.05 29.91 13 3.96
98.99 30.19 18 5.49
99.49 30.34 22 6.71
99.63 30.39 28 8.54
100.31 30.59 33 10.07
100.69 30.71 40 12.2
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APPENDIX V
DAILY LOGS OF DISCHARGE MEASUREMENTS
October 10. 1999
Site Tim e Time
M easured
(min)
C ount
(num ber
of
propeller
counts)
Velocity
(f/s)
Discharge
(ft^/s)
Discharge
(m^/s)
W L-1 No
reading
Measuring 
point a
1 13 0.0116 0.0103 0.0003
Measuring 
point b
1 143 0.1281 0.0451 0.0013
Measuring
pointe
1 145 0.1299 0.0732 0.0021
Measuring 
point d
1 332 0.2975 0.2042 0.0057
Measuring
pointe
1 503 0.4507 0.1507 0.0042
Total 5 1136 1.0178 0.4834 0.0135
W L-2 No
reading
Measuring 
point a
1 300 0.2688 0.2065 0.0058
Measuring 
point b
1 1019 0.9132 1.0519 0.0295
Measuring
pointe
I 1180 1.0573 1.4212 0.0398
Measuring 
point d
1 2333 2.0905 2.4628 0.0690
203
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Measuring 
point e
1 222 0.1989 0.0891 0.0025
Total 5 5054 4.5286 5.2303 0.1464
March 14, 2000
Site Time Time
M easured
(min)
Count
(num ber
of
propeller
counts)
Velocity
(fts)
Discharge
(ft^/s)
Discharge
(m^/s)
W L-2 11:10am
Measuring 
point a
1 802 0.7186 0.3534 0.0099
Measuring 
point b
1 483 0.4328 0.1885 0.0053
Measuring 
point c
1 2135 1.9131 1.2613 0.0353
Measuring 
point d
1 771 0.6909 0.4092 0.0115
Measuring
pointe
1 700 0.6272 0.5673 0.0159
Total 5 4891 4.3826 2.7797 0.0778
W L-2 12:17pm
Measuring 
point a
1 663 0.5941 0.2922 0.0166
Measuring 
point b
1 458 0.4104 0.1787 0.0050
Measuring
pointe
1 1645 1.4740 0.9718 0.0272
Measuring 
point d
1 1027 0.9203 0.5450 0.0015
Measuring 
point e
1 543 0.4866 0.4401 0.0123
Total 5 4336 3.8854 2.4278 0.0680
W L-2 12:26pm
Measuring 1 693 0.6210 0.3054 0.0086
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point a
Measuring 
point b
1 425 0.3808 0.1658 0.0464
Measuring
pointe
1 1505 1.3486 0.8891 0.0245
Measuring 
point d
1 1102 0.9875 0.5848 0.0164
Measuring 
point e
1 639 0.5726 0.5179 0.0145
Total 5 4364 3.9105 2.4631 0.0690
WL-2 -12:32pm
Measuring 
point a
1 521 0.4668 0.2296 0.0064
Measuring 
point b
1 505 0.4525 0.1971 0.0055
Measuring 
point c
1 2410 2.1595 1.4237 0.0399
Measuring 
point d
1 1353 1.2124 0.7181 0.0201
Measuring 
point e
1 664 0.5950 0.5382 0.0151
Total 5 5453 4.8862 3.1066 0.0870
WL-2 3:30pm
Measuring 
point a
1 359 0.3217 0.1582 0.0044
Measuring 
point b
1 319 0.2858 0.1245 0.0035
Measuring
pointe
1 2425 2.1729 1.4326 0.0401
Measuring 
point d
1 1264 1.1326 0.6708 0.0019
Measuring 
point e
1 671 0.6013 0.5438 0.0152
Total 5 5038 4.4704 2.9299 0.0820
WL-2 3:39pm
Measuring 
point a
1 499 0.4471 0.2199 0.0062
Measuring 
point b
1 348 0.3118 0.1358 0.0038
Measuring 1 - 2317 2.0762 1.3688 0.0383
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point c
Measuring 
point d
1 1116 1 0.5923 0.0166
Measuring
pointe
1 719 0.6443 0.5827 0.0163
Total 5 4999 4.4794 2.8994 0.0812
WL-2 3:47pm
Measuring 
point a
1 322 0.0287 0.0141 0.0004
Measuring 
point b
1 293 0.2625 0.1143 0.0032
Measuring 
point c
1 1862 1.6685 1.1000 0.0308
Measuring 
point d
1 1133 1.0152 0.6013 0.0168
Measuring 
point e
1 696 0.6237 0.5641 0.0158
Total 5 4306 3.5986 2.3938 0.0670
WL-2 3:54pm
Measuring 
point a
1 511 0.4579 0.2252 0.0063
Measuring 
point b
1 288 0.2581 0.1124 0.0031
Measuring 
point c
1 1954 1.7509 1.1543 0.0323
Measuring 
point d
1 837 0.75 0.4442 0.0124
Measuring
pointe
1 500 0.4480 0.4052 0.0113
Total 5 4090 3.6649 2.3413 0.0656
WL-2 4:01pm
Measuring
pointa
1 427 0.3826 0.1882 0.0053
Measuring 
point b
1 314 0.2814 0.1225 0.0034
Measuring
pointe
1 1978 1.7724 1.1685 0.0327
Measuring 
point d
1 1233 1.1048 0.6542 0.0183
Measuring 1 657 0.5887 03325 0.0149
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point e
Total 5 4609 4.1299 2.6661 0.0745
June 3, 2000
Site Time Time
M easured
(min)
C ount
(num ber
of
propeller
counts)
Velocity
(f/s)
Discharge
(ft^/s)
Discharge
(m^/s)
W L-2 11:12am
Measuring 
point a
1 598 0.5358 0.4880 0.0137
Measuring 
point b
1 2686 2.4068 4.7828 0.1339
Measuring 
point c
1 4566 4.0914 7.2270 0.2024
Measuring 
point d
1 4626 4.1452 6.9788 0.1954
Measuring
pointe
1 3491 3.1281 4.5758 0.1281
Total 5 15967 14.3073 24.0525 0.6735
W L-1 3:26pm
Measuring 
point a
1 774 0.6935 1.0586 0.0296
Measuring 
point b
1 2411 2.1604 2.0152 0.0564
Measuring 
point c
1 3055 2.7375 3.7142 0.1040
Measuring 
point d
1 417 0.3737 0.4436 0.0124
Measuring
pointe
1 169 0.1514 0.0899 0.0025
Total 5 6826 6.1165 7.3215 0.2050
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Site Time Time
Measured
(min)
Count
(number
of
propeller
counts)
Velocity
if/s)
Discharge
(ft^/s)
Discharge
(mVs)
WL-1 9:34am
Measuring 
point a
1 1030 0.9229 1.4088 0.0394
Measuring 
point b
1 2648 2.3728 2.2133 0.0620
Measuring 
point c
1 2430 2.1774 2.9543 0.0827
Measuring 
point d
1 648 0.5806 0.6893 0.0196
Measuring
pointe
1 147 0.1317 0.0782 0.0022
Total 5 6903 6.1854 7.3439 0.2056
WL-2 -1:57pm
Measuring 
point a
1 446 0.3396 0.3309 0.0093
Measuring 
point b
1 3803 3.4077 6.7718 0.1896
Measuring 
point c
1 1874 1.6792 2.7344 0.0766
Measuring 
point d
1 3628 3.2509 5.2040 0.1457
Measuring 
point e
1 372 0.3333 0.4508 0.0126
Total 5 10123 9.0707 15.4920 0.4338
June 6, 2000
Site Time Time Count Velocity Discharge Discharge
Measured (number iVs) (ft^/s) (m /^s)
• L_
(min) of
propeller
counts)
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WL-2 9:23am
Measuring 
point a
1 203 0.1890 0.1560 0.0044
Measuring 
point b
1 3613 3.2375 4.9455 0.1385
Measuring
pointe
1 2303 2.0636 3.2077 0.0898
Measuring 
point d
1 3041 2.7249 4.1626 0.1166
Measuring 
point e
1 379 0.3396 0.4369 0.0122
Total 5 9539 8.5475 12.9087 0.3614
WL-1 1:29pm
Measuring 
point a
1 480 0.4301 0.7845 0.0220
Measuring 
point b
1 1844 1.6523 1.7329 0.0485
Measuring
pointe
1 2381 2.1335 3.1132 0.0872
Measuring 
point d
1 1256 1.1254 1.4370 0.0402
Measuring 
point e
1 298 0.2670 0.1461 0.0041
Total 5 6259 5.6083 7.2138 0.2020
June 8, 2000
Site Time Time
Measured
(min)
Count
(number
of
propeller
counts)
Velocity
(f/s)
Discharge
(ftVs)
Discharge
(mVs)
WL-2 10:15am
Measuring
poin ta
1 124 O .I l l l 0.1191 0.0033
Measuring 
point b
1 3441 3.0833 4.3796 0.1226
Measuring 1 2221 1.9901 3.0668 0.0859
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point c
Measuring 
point d
1 3597 3.2231 4.9668 0.1391
Measuring 
point e
1 334 0.2993 0.3569 0.0100
Total 5 9717 8.7069 12.8892 0.1289
July 6, 2000
Site Time Tim e
M easured
(min)
C ount
(num ber
of
propeller
counts)
Velocity
(f/s)
Discharge
(ft^/s)
Discharge
(mVs)
W L-2 -9:30am
Measuring 
point a
1 316 0.2832 0.2504 0.0070
Measuring 
point b
1 2155 1.9310 2.8463 0.0797
Measuring 
point c
1 2426 2.1738 3.3790 0.0946
Measuring 
point d
1 3311 2.9668 4.0551 0.1135
Measuring 
point e
1 932 0.8351 0.8953 0.0251
Total 5 9140 8.1899 11.4261 0.3199
W L-1 4:12pm
Measuring 
point a
1 322 0.2885 0.3142 0.0088
Measuring 
point b
1 2421 2.1694 1.3745 0.0385
Measuring
pointe
1 1036 0.9283 0.6249 0.0175
Measuring 
point d
1 63 0.0565 0.0380 0.0011
Measuring 
point e
1 18 0.0161 0.0022 0.0001
Total 5 3860 3.4588 2.3539 0.0659
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Site Tim e Time
M easured
(min)
Count
(num ber
of
propeller
counts)
Velocity
(f/s)
Discharge
(ft^/s)
Discharge
(m^/s)
W L-1 8:44am
Measuring 
point a
1 329 0.2948 0.3210 0.0090
Measuring 
point b
1 2732 2.4480 1.5512 0.0434
Measuring 
point c
1 2044 1.8315 1.2330 0.0345
Measuring 
point d
1 285 0.2554 0.1719 0.0078
Measuring 
point e
1 28 0.0251 0.0035 0.0001
Total 5 5418 4.8548 3.2805 0.0919
W L-2 2:33pm
Measuring 
point a
1 166 0.1487 0.1276 0.0036
Measuring 
point b
1 1809 1.6210 2.3024 0.0680
Measuring 
point c
1 1096 0.9821 1.2370 0.0346
Measuring 
point d
1 3079 2.7590 3.8449 0.1077
Measuring 
point e
1 527 0.4722 0.5315 0.0149
Total 5 6677 5.983 8.0434 0.2252
July 8, 2000
Site Time Time Count Velocity Discharge Discharge
Measured (number if/s) (ftVs) (mVs)
(min) of
propeller
counts)
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WL-2 9:30am
Measuring 
point a
1 118 0.1057 0.0935 0.0026
Measuring 
point b
1 2326 2.0842 3.2956 0.0923
Measuring 
point c
1 1581 1.4167 1.8604 0.0521
Measuring 
point d
1 3346 2.9982 4.1783 0.1170
Measuring 
point e
1 1419 1.2715 1.6016 0.0448
Total 5 8790 7.8763 11.0293 0.3088
July 9, 2000
Site Time Time
Measured
(min)
Count
(number
of
propeller
counts)
Velocity
(f/s)
Discharge
(ft /^s)
Discharge
(mVs)
WL-1 9:46am
Measuring 
point a
1 443 0.3970 0.4401 0.0123
Measuring 
point b
1 1846 1.6541 0.9498 0.0266
Measuring 
point c
1 1667 1.4937 1.1830 0.0331
Measuring 
point d
1 148 0.1326 0.1024 0.0029
Measuring 
point e
1 475 0.4256 0.0843 0.0024
Total 5 4579 4.103 2.7597 0.0773
July 10, 2000
Site Time Time Count Velocity Discharge Discharge
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Measured
(min)
(number
of
propeller
counts)
if/s) ife/s) (m /s)
WL-2 9:31am
Measuring 
point a
1 299 0.2679 0.2082 0.0058
Measuring 
point b
1 1921 1.7213 2.3988 0.0672
Measuring 
point c
1 1251 1.1210 1.4420 0.0404
Measuring 
point d
1 2696 2.4158 3.1724 0.0889
Measuring 
point e
1 311 0.2787 0.2838 0.0079
Total 5 6478 3.3889 7.5053 0.2101
WL-1 -2:15pm
Measuring 
point a
1 328 0.2939 0.3259 0.0091
Measuring 
point b
1 2556 2.2903 1.3605 0.0381
Measuring 
point c
1 1140 1.0215 0.8495 0.0238
Measuring 
point d
1 80 0.0717 0.0667 0.0019
Measuring 
point e
1 461 0.4131 0.1309 0.0037
Total 5 4565 4.0905 2.7334 0.0765
August 2, 2000
Site Time Time
Measured
(min)
Count
(number
of
propeller
counts)
Velocity
iVs)
Discharge
(ft^/s)
Discharge
(mVs)
WL-2 10:03am
Measuring 1 166 0.1487 0.0718 0.0020
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point a
Measuring 
point b
1 1976 1.7706 1.5185 0.0425
Measuring 
point c
1 400 0.3584 0.3362 0.0094
Measuring 
point d
1 3609 3.2339 3.7267 0.1043
Measuring 
point e
I 194 0.1738 0.1398 0.0039
Total 5 6345 5.6854 5.7929 0.1622
August 3, 2000
Site Time Time
M easured
(mln)
Count
(num ber
of
propeller
counts)
Velocity
(#s)
Discharge
(ft^/s)
Discharge
(mVs)
WL-1 8:59am
Measuring 
point a
1 161 0.1443 0.1140 0.0032
Measuring 
point b
1 1565 1.4023 0.6731 0.0188
Measuring 
point c
1 201 0.1801 0.1107 0.0031
Measuring 
point d
1 1249 1.1192 0.8166 0.0229
Measuring 
point e
1 12 0.0108 0.0037 0.0001
Total 5 3188 2.8567 1.7481 0.0489
W L-2 2:07pm
Measuring 
point a
1 472 0.4229 0.2494 0.0070
Measuring 
point b
1 1672 1.4982 1.2447 0.0349
Measuring
pointe
1 315 0.2823 0.2723 0.0076
Measuring 
point d
1 3783 3.3898 3.8155 0.1068
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
215
Measuring
pointe
1 1067 0.9561 0.7943 0.0222
Total 5 7309 6.5493 6.3763 0.1785
August 4, 2000
Site Time Time
Measured
(min)
Count
(number
of
propeller
counts)
Velocity
(f/s)
Discharge
(ft^/s)
Discharge
(mVs)
WL-2 9:11am
Measuring 
point a
1 460 0.4122 0.2430 0.0068
Measuring 
point b
1 1789 1.6030 1.3748 0.0385
Measuring 
point c
1 214 0.1918 0.1799 0.0050
Measuring 
point d
1 3419 3.0636 3.6942 0.1034
Measuring 
point e
1 1241 1.1120 0.9239 0.0259
Total 5 7123 6.3826 6.4162 0.1797
August 5, 2000
Site Time Time
Measured
(min)
Count
(number
of
propeller
counts)
Velocity
(ffs)
Discharge
(ft^/s)
Dischai^e
(mVs)
WL-1 8:57am
Measuring 
point a
1 348 0.3118 0.2934 0.0082
Measuring 
point b
1 1461 1.3091 0.6284 0.0176
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Measuring 
point c
1 146 0.1308 0.0728 0.0020
Measuring 
point d
1 439 0.3934 0.2719 0.0076
Measuring
pointe
1 66 0.0591 0.0159 0.0004
Total 5 2460 2.2042 1.2824 0.0359
August 6. 2000
Site Time Time
M easured
(min)
C ount
(num ber
of
propeller
counts)
Velocity
(f/s)
Discharge
(ft^/s)
Discharge
(mVs)
WL-2 9:02am
Measuring 
point a
1 230 0.2061 0.1132 0.0032
Measuring 
point b
1 1686 1.5108 1.3361 0.0374
Measuring
pointe
1 234 0.2098 0.1967 0.0055
Measuring 
point d
1 3189 2.8575 3.2930 0.0922
Measuring
pointe
1 275 0.2464 0.1915 0.0054
Total 5 5614 5.0306 5.1305 0.1437
WL-1 1:53pm
Measuring 
point a
1 58 0.0520 0.0499 0.0014
Measuring 
point b
1 1247 1.1174 0.4505 0.0126
Measuring 
point c
1 146 0.1308 0.0678 0.0019
Measuring 
point d
1 334 0.2993 0.2069 0.0058
Measuring 
point e
1 11 0.0099 0.0023 0.0001
Total 5 1796 1.6094 0.7774 0.0218
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August 8, 2000
Site Time Time
Measured
(min)
Count
(number
of
propeller
counts)
Velocity
(f/s)
Discharge
(ft^/s)
Discharge
(m^/s)
WL-1 10:07am
Measuring 
point a
1 178 0.1595 0.1470 0.0041
Measuring 
point b
1 1371 1.2285 0.5189 0.0145
Measuring 
point c
1 163 0.1461 0.0813 0.0023
Measuring 
point d
1 86 0.0771 0.0503 0.0014
Measuring 
point e
1 37 0.0332 0.0102 0.0003
Total 5 1835 1.6444 1.6443 0.0460
March 20, 2001
Site Time Time
Measured
(min)
Count
(number
of
propeller
counts)
Velocity
(#s)
Discharge
(ftVs)
Discharge
(mVs)
WL-2 ~ 10:45am
Measuring
pointa
1 295 0.2643 0.0921 0.0026
Measuring 
point b
1 134 0.1201 0.0644 0.0018
Measuring
pointe
1 1817 1.6281 1.0690 0.0299
Measuring 
point d
1 1979 1.7733 1.6158 0.0452
Measuring
pointe
1 174 0.1559 0.1128 0.0032
Total 5 4399 3.9417 2.9541 0.0827
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